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The following Communications were read :— 


1. On Vortex Vibrations, and on Instability of Vortex 
Motions, By Sir William Thomson. 


2. On the } meney of Vowel Sounds. By Professor 
_M‘Kendrick. 


3, pen Note on a Method of Detecting Fire-Damp in 
Coal Mines. By Professor George Forbes. - 


The author exhibited two instruments, both founded upon the 
same principles, for measuring the quantity of fire-damp present in a 
coal mine. The first instrument consists of a tuning-fork fixed above 
the open end of a resonating tube, whose other end is closed by a 
piston whose position (read off on a scale) regulates the length of 
the resonating tube. The length of the tube, which resounds to the 
definite pitch of the tuning-fork, depends upon the nature of the 
gas with which it is filled. The more fire-damp, the longer is the 
tube. Barometric pressure has no effect upon this instrument. 
The correction for temperature is made by reading off, not a fixed 


mark upon the pe, but the top of the mercury of a thermo 
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meter attached thereto, of dimensions determined by actual experi- 
ment. The only source of error to which the instrument seems 
liable is the counteracting influence of dense carbonic acid gas in 
-choke-damp. But it is found that the presence of choke-damp 
‘destroys the explosive character of fire-damp; and, so far as experi- 
ments go, it seems certain that, in all cases when the presence of 
choke-damp prevents the instrument from indicating the presence of 
fire-damp, the fire-damp is denuded of its explosive character. 
The second instrument is a combination of a harmonium reed © 
and an organ pipe, through which the air is driven. They are 
arranged so as to sound the same note when pure air is used, so 
that when there is a lighter gas present the: organ pipe sounds a 
higher note, thus producing beats. 
So far as the experiments have gone hitherto, the first form is by 
far the most accurate, being capable of detecting the — of 1 
or 2 per cent. of fire-damp. 


4, Note on Electrolytic Conduction. By Professor Tait. 


It is commonly said that there is a resistance to a current at the 
surface of contact of a solid conductor and an electrolyte. Some 
good authorities, however, say that we have as yet no proof of this, 
as the effects observed may be due to polarisation. It is obvious 
that, if the reverse electromotive force due to polarisation contain — 
a term directly proportional to the strength of the current, the - 
ordinary methods of measurement would not enable us to distin- 
guish this from the surface resistance above mentioned. For, in the 


expression 
2(E) 


T= 


if the numerator contain a term of the form —el, it may be ex- 
punged, provided e be added to the denominator. 

To clear up this point I have recently made a number of experi- 
ments. These have led me to some curious results bearing on the 
theory of electrolysis, which I propose to bring before the Society on 
a future occasion. At present I refer to them merely so far as to 
say that they establish fully the existence of the surface resistance 
above men momen. Thus I was led to see that if a slip of platinum 
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be inserted between the electrodes of a decomposing cell it ought, 
except in extreme cases, to produce almost precisely the same 
result as a similar and equal slip of glass or mica. This was easily 
verified. Here we have the singular result of a marked diminu- 
tion of the current by the insertion into the electrolyte of a sub- 
stance which is in itself a much superior conductor. Even when 
the platinum completely closes the path from one electrode to the 
other, so as to form two decomposing cells instead of one, a compara- 
tively small hole made in it at once changes its function from 
that of common electrode to each of two decomposing cells into that 
of a mere obstruction in one cell. It is an interesting experimental 
inquiry to trace the intermediate stages between these two states, as 
a pinhole in the platinum is gradually enlarged. Whatever, then, 
be the behaviour of the particles of an electrolyte, _ do not 
behave like little pieces of platinum. 


0. Note on Theme: Conduction. By Professor Tait. 


Monday, 6th May 1878. 
Sir C. WYVILLE THOMSON, Vice-President, in the Chair. 


The following Communications were read os 


1. On the Indications of Molecular Action in the Telephone. 
By R. M. Ferguson, Ph.D. 


The accepted theory of the telephone represents that the vibra- 
tions of the sending plate to and from the pole of the magnet before 
which it is fixed is the origin of the currents generated in the pole 
bobbin of wire, and that these currents transmitted to the receiving 
telephone produce corresponding to-and-fro excursions of its plate. 
This theory, which is that of the inventor, may be shortly desig- 
nated, in the happy words of Sir William Thomson for a kindred 
action, the push-and-pull theory. We have had in this session of 
the Society two communications of a practical nature, which seem 
directly confirmatory of this. view. I refer to the lucid exposi- 
tion of Gott’s telephone experiment in the island of St Pierre, and 
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the beautiful and successful demonstration of the action of the 
phonograph, both by Professor Fleeming Jenkin. In the former of - 
these, as we learned, one end of a thread was attached to the one 
side of the light suspended coil of a Thomson ink recorder, and the 
other to the paper disc of an ordinary mechanical telephone. This 
was done at the two communicating stations. When the sending 
disc was agitated by the voice, the coil to which it was attached 
twisted round in the powerful and uniform magnetic field in which — 
it was placed, and dispatched corresponding electric current waves 
to the receiving instrument, the coil of which was thereby moved 
similarly in its field, and transferred its motion to its paper disc. 
A more beautiful manipulation of an exquisitely designed and 
executed apparatus it is not easy to conceive. In the phonograph 
we have as it were a mechanical telephone, with the string connect- 
ing the discs cut, and nothing left of it but the two ends stiffened 
into pricking pins. Instead of the sending disc dealing directly 
with the receiving one, its energy is employed in imprinting, by 
means of the pricker, its vibrations on the tinfoil, and this imprint, 
when again vivified by the energy of the rotating drum, reproduces 
the vibrations which originally stamped it. | 

After two such demonstrations, it may be held as proved that the 
electric telephone is equivalent to a mechanical telephone with an 
electro-magnetic intervening action instead of a mechanical one. It 
seems therefore a hopeless task to seek for indications of molecular 
action where mechanical action declares itself so manifestly. The 
_ mechanical action of the voice and of the membrane of the tympanum 
of the ear is above question, and that mechanical vibrations are dealt 
to the sending instrument, and emitted by the receiving one, is equally 
undoubted; but the intervening electric agency, how generated in 
the one and how transformed in the other, is a fair field for discus- 
sion, The action is novel, and it is surely a likely inquiry to inves- — 
tisate whether its explanation by the first principle that comes to 
hand, viz., the push-and-pull of the discs, fully covers the case. 
‘The question may be raised, for instance, whether the mere impact 
of the waves of air on the iron disc may not affect its magnetic 
condition by internal change or vibration,* so as to excite currents 
without vibrations of the push-and-pull kind, or whether in 

* Something like this was suggested by Professor Forbes. 
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the receiving disc the particles may not set up an action on 
their own account, independently of the displacement caused by 
the poles of the adjoining magnet. In a mechanical telephone, 
we do not find that it is made to sound only by the normal 
push or pull of the thread, the faintest rubbing on the irregu- 
larities of its surface, either on the disc or the tube to which it is 
attached, makes a sound loud enough to be heard, and we can easily 
admit that if an internal vibratory disturbance be set up in any 
direction in it, the same would be audible enough. In a discussion 
as to mechanical and molecular sounds, it may be safely admitted, 
where electricity or magnetism is concerned, that any action that is 
clearly traceable to disturbance within a body is molecular in its 
origin. It will, moreover, be granted that the mere smallness of any 
vibration does not necessarily give any clue to its origin. Infini- 
tesimal vibrations are not necessarily molecular, nor are vibrations of 
molecular source free from external motion ; and we can only say 
that a vibration comes from molecules if we can assign to it no out- 
side cause. It may, however, be to the point that a vibration may 
be assumed to be molecular because of the difficulty in suppressing — 
it, a vibration springing from within being more independent of 
direction than one produced from without from one quarter. 

I propose in this communication to raise such questions in regard 
to the telephone, and though the results obtained may not be de- 
cisive, they may be some little contribution to the discussion. 

I would begin with a casé where internal action seems wholly 
absent. I refer to the action of a tuning-fork on the telephone. 
It has been mentioned in more than one communication to the © 
Society, that a tuning-fork acts best without the disc. We find that 
the loudest sounds are sent to the listener at the receiving telephone, 
when one-prong is brought with its flat vibrating end in front of 
‘the core or pole pin, and next to that when the prongs, if they are 
not too far apart, are laid with their flat sides vertical at an equal 
distance on each side of the pin. When the handle of the fork is 
Jaid on the core, and held upright, the resonance of the wooden 
frame of the telephone and the table on which it rests becomes loud, 
but only a faint trace of this is sent to the distant hearer. If we 
magnetise two like forks, one which we may call A, to be like a bar 
magnet having the end of the handle as one pole, and the other 
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pole split in two in the two prongs; and another fork B, the two 
prongs of which are made like the poles of a horse-shoe magnet, 
with the handle an excrescence between, we find that while the 
fork A produces sounds alike with both prongs when held near the 
core, the two prongs of the fork B show a marked difference. The 
like pole to that of the core sounds much weaker than the other. 
All this is indicative of the ordinary magneto-electric induction at 
work. 

If we detach the coil from the magnet, we have still further 
illustrations of the same. Both forks, A and B, sound loudest when 
placed with one prong on its flat side over the hollow at the centre 
(fig. 1), and both continue to sound, but with diminished force, as 
they are withdrawn in the same position from the middle to the 
margin of the coil. When laid with the plane of the prongs hori- 
zontal (fig. 2), they act differently. The A fork has its best sound- 
ing position when each prong lies symmetrically to the hollow axis, 
and it has a position of silence at a point between the middle and 


the outeide, whilst the B fork in these positions acts in the opposite 
way. ‘There are two positions that the forks may occupy at the 
side of the coils, where their similar and dissimilar actions are 
| again shown. The first is when the plane of the fork i is perpendi- 
cular to the axis (fig. 3), where both forks transmit no sound when 
held in the middle of the coil, but are heard when vibrating on 
_ either side. "The second is when the plane is parallel to the 
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axis (fig. 4), where A is silent when its prongs are equidistant 
from the middle of the coil, and the fork B loudest. All this 
is, as we have said, simply an illustration of a well-known 
action, and at the same time a beautiful demonstration of the 
way in which a tuning-fork vibrates. The coils I used were of 
fine copper wire, 13 inch diameter and ? thick, but smaller coils 
would do equally well, and the forks were the ordinary small A 
and C forks sold by the musicsellers. It is perhaps worthy of 
note that a coil, a magnetised fork, and a telephone form a handy ~ 
combination for testing the completeness of a circuit, as the sound 
- of the fork coming directly to the ear is immensely below that 
heard in the telephone in the operator’s hand: When the telephone 
does not sound, there is a break in the circuit. In these various 
performances of the fork, we have evidence enough to prove that 
the cause assigned by Bell for the sending action of the telephone 
covers at least the greater part of that action. At the same time, it 
must be borne in mind that the vibrations of the fork, and the 
sounds produced by them, are immensely greater than any connected 
with the telephonic effect of the voice, and that it is possible that 
the conditions of iron vibrating under the energy treasured up in 
it may be different from what my may be when the iron is beaten 
by the air. 

But even this tuning-fork performance is not quite free from 
ambiguity. To find whether there mi ight not be some ) change of 
magnetic condition due to internal 
vibration, able to generate currents, 
I cemented two coils (fig. 5.) to the 
vibrating ends of a large tuning-fork. 
It was a C (256 vibrations), with 
prongs upwards of 6 inches long, 
- 2 broad, and more in average than 
4 thick. The distance between the 
prongs at the end inside was 2 inch. 
The coils weighed 4 0z.; they were 
# inch diameter, 1 inch long, and 
were of ‘007 inch copper wire. 
They reduced the pitch from C to 

A. The cement was the hard and tongs black tarry compound 
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used by electricians On connecting one of the coils with a 
telephone and making the fork vibrate, I was astonished to hear 
the sound in the telephone astonishingly loud. I found, how- 
ever, that this arose from the connecting wires, which though 
loose were able mechanically to transmit the vibrations of the fork. 
This was shown by leaving only one wire in the connection, when 
the sound of the fork was still heard. It is well known that the 
thread of a mechanical telephone delivers its message to the first 
fixed obstacle it meets and no further, and in this case, when the 
lines were held in the fingers, a mere residuum of sound was heard, 
which could only be properly estimated in a distant room away from 
the direct sound of the fork. In this, as in all subsequent experi- 
ments, I took the utmost care that no mechanical transmission was 
possible, and the telephone used at the operating station was put out 
of circuit each time a sound was made for investigation. Loud 
tapping was made in every conceivable place to ascertain if such 
could be transmitted in a mechanical way. The circuit was about 
150 ft. of wire with a gas pipe return, and the two stations were in 
different buildings. The results obtained from this fork were not 
of any value other than illustrating the difficulty of insulating for 
transmission what may be looked upon as an internal and not an 
external vibration. They were these. The sound of the fork was — 
heard much less loud than if the prong had been vibrating in front 
of the coils, but was louder than what was got when it vibrated at 
a distance equal to that of the prong on which the coil was not fixed. 
When the two coils were joined up consecutively, one way of joining 
gave a maximum, the other a minimum sound. In another arrange- 
ment the coil was attached to a hollow prism of thin brass § inch 
inside, which in its turn was attached to the prong. The sound 
given by this coil was less than when it was attached immediately 
to the prong, but was louder than when the other prong vibrated 
freely at the same distance. When I mounted the fork in this 
way, one prong was feebly magnetised, and the other scarcely if 
at all. 

A perfect maze of reasons may turn up to account for the currents 
dispatched by these fixed coils. One might be their motion in the 
magnetic field of the earth, which is not likely, for earth-induced 
currents proceed from the rotation of a coil, and the faint approach 
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to rotation in this case can hardly be looked upon as ‘such. To 
exclude this cause, I put the coils in the best position for 
generating such currents, and connected them with a moderately 
sensitive reflecting galvanometer. I inserted a piece of wood 
between the prongs, and wedge-like drove them suddenly out, 
and allowed them to return, keeping time with the known 
pendulum-like oscillation of the mirror so as to accumulate effect, 
but no result was got. Again it might be that the coils, tightly 
as they were wound, were yielding, and we had only a case of 
shaking a coil in front of a magnet, instead of a magnet in front of 
it. That this was not the case was proved by cementing the coils to 
the sides of the prongs at right angles to the direction of motion, and 


though the forks vibrated almost unmusically with such protube- . . 


rances, yet what sound they emitted was telegraphed to the listener. 
The most likely cause was that the coils were fixed as regarded the 
prongs on which they were stuck, but were affected by the distant 
prong which vibrated in front of them. The sounds of the vibrat- 
ing coils were louder than when the coils were fixed, and the other 
prongs vibrated at the same distance; but that might be accounted 
for by the fact that the prong to which the coil was fixed was an 
active agent in propagating the vibrations of its companion prong 
to its own coil. The only chance of anything like internal action 
being heard here rests on the . possibility that this last is not 
sufficient, and that is certainly a slender enough basis to bufld a 
theory upon. | 
In pursuit of the same internal sending action, I cemented two 
coils, one to the end, the other to the middle of a bar magnet. 
Both transmitted telephonic currents when the magnet was struck, 
thé end one much louder than the other. Again, an unmagnetised 
tuning-fork was made to vibrate above a coil, and its note was feebly 
yet distinctly heard at the listening end. To test whether it and 
the other objects afterwards mentioned were magnetised, I brought 
them near a small active magnet about an inch in length, and 
before another much heavier, 9 inches in length, and watched to see 
if repulsion or even indifference was shown to any part of them; 
and lastly, I made them vibrate in front of the coil connected with 
the reflecting galvanometer in the position in which their sending | 


action was afterwards tested. These tests cannot be alleged to prove 
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complete absence of magnetism, but they go far beyond the practical 
application of the word unmagnetic. The fork in question answered 
perfectly all these tests. I next tried to get sounds out of soft 
iron plates kept fixed above the coil, and found no difficulty 
in getting them to sound when laid on a table in a horizontal 
position and beaten with a small hard wooden mallet, or with 
something that would produce with them a sharp tap. When the 
plates were held approximately in the plane of the magnetic 
-mneridian there was more difficulty in getting the distant listener 
to hear, but even in it they did not cease to sound under blows 
sharp and hard enough. They also sounded when the coils were 
cemented to them, but the hearer had his ‘powers taxed to catch 
the effect. Soft iron pins placed in the hollow axis of the coil 
also sounded under similar treatment. I could not succeed, how- 
ever, in getting a soft iron pin perfectly to answer the galvano- 
meter test, ordinary nails and similar iron pins always caused a 
slight deflection, which became more marked by pendulum accumu- 
lation. Even a soft iron pin, as pure as I could get, after being ex- 
posed for half an hour to a white heat, on being made to move at 
right angles to the dipping needle, at least so nearly as this position 
could be given to it by the hand, indicated through its coil faint 
traces of magnetism. I hadsome difficulty in getting taps out of it 
for the listening station, but I succeeded at last by using another 
similar pin held in the same line as a mallet. Iron thus softened 
seems to lose its telephonic power more by absence of elasticity 
than by being less magnetic, for the said pin seldom failed in any 
position before being annealed, and so far as tests went it was not a 
bit more magnetic. A somewhat curious result was got by cementing 
a small coil to a strip of ferrotype plate quite near to the edge, and 
making that edge strike on the teeth of a syren wheel, made to 
revolve on a turning table, when the screeching note thus produced 
was distinctly telephoned. When there was any slight indication 
of magnetism, such as was given by the spot of light shifting even 
a millimetre for one quick motion, the taps were rendered with 
great certainty. The soft iron pins just mentioned, when put on 
the pole of a magnet, and very gently tapped with a common 
pencil, made themselves distinctly heard. This can be done in 
the case of any telephone on removing the disc. 
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Now, it may be asked, are all such’ sound-exciting currents to 
be traced to the shifting of magnetic matter in a magnetic field? 
or is there not ground for believing that a blow for the instant 
disturbs the magnetic condition of a magnet, and magnetises soft 
iron, in consequence of a disturbance of the molecules, enough to 
excite telephonic currents? And may not such magnetic changes 
act without the displacement in the field that generally or 
perhaps necessarily accompanies them, and heightens their effect # 
Wiedemann has shown that blows alone given at right angles to 
the magnetic needle, and consequently apart from the earth’s 
magnetism, produce permanent magnetic changes, and that torsion 
and change of external conformation may do the same. The 
permanent effect also of blows in lessening the powers of a magnet, 
or of giving to iron under induction a magnetic set, has long 
been known. Now, may not the telephone reveal to us that they 
in every case produce a momentary effect of an intensity in some 
degree proportionate to the magnetisation of the iron? 

The following telephonic arrangement, which is different from that 
of Bell’s, may possibly have some bearing in the view just suggested ; 
but knowing, from the instances discussed, the ambiguity that 
_ attends a departure from the push-and-pull theory, I quote it more 
as a problem for push-and-pull solution, than as a proof of blow- 


=> Fig.6. 


3 


induced effects. The apparatus (fig. 6), consists of a horse-shoe 
magnet rather more than 5 inches long, with a pin on each pole 
standing at right angles to the plane of the magnet. The pins are 
provided each with a coil of fine copper wire, the two being joined 
up as in an electro-magnet. The pole pins are 14 inch apart, and 
a stiff disc (No. 28), 3 inches diameter of untempered steel, is 
screwed to them by large-headed screws. Such a disc, when aided by 
a wooden or non-metallic resonating box, can both convey and receive 
an articulate message, indistinctly certainly, but still it does it. 
When it is joined up with the galvanometer, and tapped with a 
pencil on any part, taking care of course not to combine the 
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striking and lifting motions, no visible deflection is got, though 
the same taps on the disc of a Bell telephone make. deflections of 
from 5 to 10 mm. of the scale. When the disc is taken off, we 
may ascertain the efficacy of vibrations in the line of the plate to 
generate currents. Taking a small thin iron rod and giving it small 
vertical excursions, I found that when these were made in the line 
of the plate no effect whatever was got when the rod was held 
equatorially to the line of poles, but that as the rod was brought to 
either pole an increasingly slight effect was seen. This might be 
due in part or perhaps wholly to the want of parallelism of the 
- motion to the pins, for the slightest side or horizontal motion pro- 
duced a marked effect. That even this stiff plate vibrates when 
spoken to there can be little doubt, but the vibrations cannot, on the 
ordinary push-and-pull principle, push and pull at right angles to 
themselves, The action of the disc may be due to the blow it gives © 
to the pole pins as an ordinary resonator, and possibly also the action 
of blows just hinted at may be present. The aerial blows may 
directly induce currents, or they may do so in altering the shape of 
the plate by vibration. However this may be, the problem may 
safely crave a solution from the push-and-pull theorists. When 
the plate is not screwed down, but laid or gently pressed on the pins, 
and more especially if it be made the bottom of a shallow tin box 
with a hole on the top, its performance almost rivals that of Bell’s 
telephone. The improved effect is no doubt due to facility of vibra- 
tion which is as necessary to the sounding power of vibrations of 
molecular origin as to those produced mechanically. 

_ I made an attempt also to see whether the coil itself had any 
- sounding action. If a blow can make soft iron induce a current, 
possibly a closed coil, the electric analogue of soft iron, may do so 
under the same treatment. I first tried this by hitting the side of 
a coil by a small wooden hammer, then as the frame of it gave way 
under this usage, I cemented it toa piece of board and hit the board ; 
but as again the whole coil split up under the blows, I lastly tied 
it to a strip of wood, and used it as the head of a hammer against 
the end of a wooden rod. In each case I succeeded once or twice 
in telephoning the taps, but most unaccountably, for I might tap 
ever so hard and so often afterwards without being again so fortunate. 
How the sounds were sent in these cases I cannot say. ‘The coils 
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used, which were the same as those employed with the tuning-fork, 
could send with a brisk turn of the hand a current induced by the - 
earth, may have been so excited, but there was next to nothing 
rotational in the blow they got or gave. : 

It may be well believed that many of the sounds thas produced 
in the telephone were very faint, and required a sharp ear and 
undivided attention. I have mentioned only these results which 
have been repeatedly got. Possibly some of them may be wrong as 
regards comparative loudness, but I had in almost every case the 
impression of different listeners. The listener was provided with 
two telephones of the following kind. One pole of a horse-shoe 
magnet (fig. 7), carried the bobbin pin and a brass arm for an 
adjusting screw. To the other 
an iron stage was fixed, to which 
was screwed a box 34 inches in 
diameter and + inch deep, with a 
hole in the top # inch wide, pro- 
vided with a short tube for inser- 
tion into the ear. The bottom 
of this box was of untempered | 
steel plate (No. 28), and its distance ee the pin could be adjusted 

by the screw. Such an instrument told faint tuning-fork sounds, 
_ which the ordinary one pole ferrotype plate telephone I had passed 
over. | 
_ Leaving now the sending station, we proceed in our search 
for molecular action to the receiving instrument, and we examine 
the sounds emitted by its electric and magnetic parts._ Instead 


of having a person performing the irksome task of talking or 
singing at the sending end, let us lay aside the distant telephone, 
and put in its place and that of the speaker a Bunsen cell 
charged with water and a mercury break. Such a cell would have 
no effect on the telephone without the break, for it is only momen- 
tary currents that affect the instrament. The break thus furnishes 
us with an intermittent or discontinuous current, and is in fact an 
untiring and uniform speaker, uttering a series of ticks or taps which 
are very audible to the distant telephone hearer. Now let us begin 
with the coil which is the “fountain and source” of all action in 
the receiver, Let us detach it from the core, and hold it up to the | 
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ear. By attentive listening a faint ticking is heard, and if we wish 
to hear it without strain we must add another cell or two to the 
battery. ‘he sounds emitted by the coil are very faint, and cannot 
be excited by the voice or even a tuning-fork. With small battery © 
power the coil may be made to sound, but with a strong battery it 
may be heard at some distance from the ear. Thus the coil which 
we thrashed almost to death to send a message receives one without 
demur. We now insert in the coil a piece of soft iron, and we have 
a duet of two undistinguishable ticks, the principal part being per- 
formed by the iron. Here again the receiving action is immensely 
better than the sending, and leads us to suspect that our rough efforts 
to send were mere bungling, due to our ignorance of the right way 
to do it. If now we bring a magnet and place the soft iron pin on 
its pole, or screw it into the pole, a sudden bound is made in the 
loudness of the sound, and with the one cell water current we can 
hear a few inches off. Whatever vibrations were effected in the 
pin by itself now grow immensely more pronounced when it is made 
magnetic. We may now replace the coil in its core in the 
telephone, for our arrangement is nothing else than a telephone with- 
out a disc. The sending and receiving powers are now more nearly 
on a par, for we found that the gentle tap of a pencil can now be 
sent. Let us now, in imitation of Professor Tait and Mr Blyth’s 
experiments, put a piece of glass or pasteboard, or wood or other 
non-conducting substance, on the core. The sound waxes thereby 
louder, as was explained by the plate acting as an ordinary resonator. 
Lift any one of these the smallest thing from the core, and it acts as 
a dead wall to stop the sound of the core. In place of these, let us 
take a series of conducting metal plates of lead, German silver, 
copper, and silver, all equally thick and as nearly as possible of 
the same temper. When we place one of these on the core we hear 
the same resonance as in the non-conductor, but we also perceive 
what appears to be a new and separate action set up by the plate on 
its own account, and as we change from disc to disc we find that 
the sound grows with the conductivity of the plate till we reach 
silver, which is very audible. When now we put an iron disc of 
similar size and temper, a sound is heard which completely eclipses 
the loudest of the others. All these discs when held slightly away 
from the core sound louder than when touching it, and the cul- 
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minating recelving action, where sending and receiving are on a, par, 
is the disc of iron in front of the pole, almost but not quite touching 
it—in fact, the disc of Bell’s telephone. 

Let us now retrace our steps, and go over the ground more 
minutely, beginning again with the coil. The coils I used consisted 
of from 30 to 100 ohms of copper wire ‘007 inches, and were of 
various sizes and shapes, For such fine wire coils, as already stated, 
one cell will suffice if the listener be sharp and attentive, but two or 
three must be used for easy hearing. The intermittent current 
given off by an ordinary medical electro-magnetic machine produces 
very audible sounds in such coils. The electric wave of such a 
machine is peculiarly adapted to excite telephonic sounds. It is a 
double wave of opposite name, witb a sharp beginning and an equally 
sharp termination. For thick wire coils a more powerful electro- 
motor is required. With five fully charged Bunsen cells, I managed 
to get every coil I could lay hands on to render the ticking of the 
break, whether they had iron cores or not. The sounds were per- — 
fect telephonic performances ; for it mattered not whether the wire 
was thick or thin, covered with silk or wool or cotton, the tick was 
not at all musical, but simply the reproduction of the sound of the 
break. We should be inclined at once to call such a rendering 
molecular, did we not know that in this era of mechanical telephones 
and phonographs, discs of tinfoil, oiled silk, paper, potato, butter, 
and other unlikely substances, can reproduce the tones of the human 
voice without peculiar accent. Coil ticking or tapping is familiar 
to any one who has dealt with a powerful induction coil. The sole 
of the instrument resounds with the primary coil rendering of the 
break outside the instrument. 

Now, whence comes this sound in a coil? Wisdenenn who 
gives De la Rive the credit of first noting the sound, attributes 
it to the clashing of the various convolutions against each other, 
due to the known action that wires conveying currents in the 
same direction attract each other. With a view to answer 
this question, I wound up 15 feet of ‘04 copper wire into 
a spiral ? of an inch in diameter, and sent the intermittent 
current of a five-celled fully charged Bunsen battery through 
it. On holding the end of the spiral to the ear, I heard the 
tapping distinctly. On drawing out the spiral, so that no two 
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-convolutions were in:contact, I failed to hear any sound; but when 


I put two or three convolutions together and held them to the ear, 
the sound was again heard. I now isolated one convolution, and 
tied the thread of a paper telephone to it, and, although there 
was no neighbouring convolution in contact, I heard, by means 
of the telephone, the ticking distinctly, and, when the spiral was 
drawn out into a plain wire, the same sound continued. The cur- 
rent, as indicated by a tangent galvanometer of a single hoop of 
stout copper rod, produced a deflection of 54° for the unbroken cur- 
rent, and of 41° for the intermittent one. The cell resistance was 
under two ohms, and the exterior resistance under one ohm. The 
nitric acid was old, and had been frequently used. Removing the 
‘04 wire from the circuit, and substituting a short length of ‘024 
copper wire, the current interruptions were heard still better in the 


paper telephone. I suspected mechanical transmission of the sound, 


but that could scarcely be, the wires being led from the open air by 
a fixed course under the floor. When all mechanical connection 
was broken through mercury troughs, there was -no alteration; and 
when a loop of 2 inches of ‘024 wire was held firmly in a vice it 
did not cease to sound. I need not, however, have been so scepti- 
cal, for sounds of a similar origin had been got as early as 1845 by 
Beatson, De la Rive, and other observers. They may not, without 
the aid of the mechanical telephone, have got in the wires the same 
clearly rendered series of ticks that we hear by its aid. De la 
Rive’s description of them, however, is both definite and graphic.* 


* His words are :—‘‘ Quant au son lui-méme, je ne peux pas mieux en donner 


une idée, qu’en le comparant a celui qu’on produit avec la roue de Savart. 


C’est une suite de bruits résultants du choc des particules métalliques les unes 
contre les autres, beaucoup plus qu’un son musical. On entend aussi, il est 
vrai, des sons musicaux. Ce sont les harmoniques du son que rendrait la tige 
ou le fil par l’effet des vibrations transversales; ils proviennent du mouvement 
vibratoire qu’éprouve le métal, mais ne sont pas un effet direct de l’influence 
électrique & laquelle il est soumis. On peut en effet, les faire-disparattre en 
touchant avec la main le corps vibrant, sansque pour cela disparaisse le bruit 
fondamental.”—‘‘ Le son que rend un fil de fer bien recuit quand il transmet 
le courant est un son trés fort, qui ressemble beaucoup au son des cloches 
d’église dans le lointain. On pourrait peut-étre l’employer avec avantage dans 
les télégraphes électriques.” —‘‘ Le ton du son varie avec la vitesse avec laquelle 
les courants discontinus se succtdent; quand cette succession est trés rapide, le 


son ressemble beaucoup au bruit que fait Je vent lorsqu’il souffle fortement. ”— 
Comp. Rend., 1845. 
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He details his experiments, and, unlike other observers, extended 
his researches to other metals besides iron. He stretched wires of 
various metals on a sonometer with a helix of wire round them, so 
that he could excite sounds by the simple passage of the current in > 
the wire, or by the magnetising action on it of the helix. He used an 
_ electromotor of five Grove’s cells. He tells us that the sounds emitted 
from iron and other metals, by the direct passage through them of 
a discontinuous current, were in no way different from those 
obtained by magnetisation when the same current was made to 
pass through the helix surrounding the wire. This was especially 
observable in the case of iron. He states also loosely that the 
loudness of the sounds emitted with the same strength of current 
was in proportion to the resistances offered by the wires, and that 
possibly this sounding action had the same conditions as heat in the 
galvanic circuit, so far at least as resistance was concerned. He, 
moreover, states that iron stood quite exceptionally among the metals 
in its power to give out such sounds, 

The exact way in which De la Rive obtained these sounds appears 
to have been lost, for no subsequent observer accords with him. 
- Wiedemann, for instance, in his “Electro-Magnetismus,” in keeping 

with the investigations of Wertheim, states that iron alone emits 
sounds under the above conditions, and he quotes De la Rive’s 
remarks on other metals within parentheses. Now, the simple 
device of attaching the string of a mechanical telephone to the 
wires when the intermittent current circulates, enables us to observe 
these sounding effects with perfect ease and certainty. When 
attached to a copper wire (‘007 inches diameter) the sound is very 
marked; and when to an iron wire (008) the telephone sounds 
many feet off, the current being that from the five-cell Bunsen 
battery.* Indeed, for the iron wire a telephone is not necessary, 
for the ticking can be heard when the wire is held in the teeth, 
or when it is doubled on the finger and inserted in the passage 
of the ear. There is only one objection to the last mode of pro- 
cedure, viz., that the wire is almost too hot to be-comfortable. It is 
not, however, necessary to insert the wire itself into the ear, for a 
cotton thread, tied to the wire and placed in the ear, sounds nearly 


* This was distinctly heard in the auditorium of the Society when the paper 
was read. 
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as loud. A thin iron wire is therefore the most rudimentary form 
of a telephone. Gott’s telephone has thus another explanation in 
addition to that of the mere twisting round in a magnetic field; 
for if only the coil be left without a field, or even if only one con- 
volution of it be left, and held in the chaps of a vice, its power of 
moving the paper disc would not wholly disappear. | 
When the paper telephone was attached to the thin iron wire, and 
the distant break worked by the hand of an operator, a loud sound was 
heard when the dipper of the break entered the mercury, and another 
equally loud, but not louder, when it was lifted out. In this case 
the break was two rooms off from the listener, at a distance of from — 
30 to 40 feet, and when the operator was made to say ‘‘in,” “out,” at 
each motion, short as the distance was, the wire sounded before the 
voice. The sounds thus given had a clear metallic ring about them. 
This, however, disappeared when the wire was coiled tightly round — 
the finger. The mechanical telephone enables us to hear such sounds 
in all portions of the wire without any interruption. We can hear, 
for instance, the half musical sound in a straight wire, the dull un- 
musical sound when the wire is tightly coiled, and the increase of 
this when several convolutions of a covered wire are kept tightly 
together. In the single wire, although the sound is loudest when it 
is tense, yet it is distinctly heard when perfectly loose. De la Rive 
tells us that the resistance in the sounding wire must be greater 
than that of the remaining circuit, battery included. I have found 
that this is not necessary, for I can hear distinctly the sound of a 
thin iron wire when the current is the weak one furnished by a 
single Bunsen cell charged with water. The Bunsen cells mentioned 
here have an active medium surface of 40 square inches, Again, 
with a small magneto-electric machine for medical purposes, almost 
any experiment can be demonstrated. | 
With reference to the strengths of current necessary to excite the 
wires, the characteristic of the telephone mentioned by Professor 
Tait, in his communication on the “Strength of a Telephonic 
Current,’ must be borne in mind, viz., that the telephonic effect 
does not depend so much on the actual strength of the sounding 
current as on the rapidity with which changes in the strength 
are effected. The break used in these experiments made from 
five to six interruptions in the second, that certainly was not very 
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sudden. Then, in a mercury break, the spark that ensues on the 
separation of the dipper from the surface of the mercury is con- 
ducting, and it may only be the break of the attenuated current 
when the spark ceases that has telephonic power. This would 
bring us down to a low scale of effective action, when working 
with a water cell interrupted six times per second. It cannot, 
however, be with certainty alleged that this kind of interruption 
is strictly single, as there may be pulses in it preceding the final 
stoppage. 

The relation of resistance to sound can be shown by an experi- 
ment like the following :—I measured off a yard of iron, German 


F ig. 8. 


silver, copper, and silver wire, of diameters respectively of ‘008, ‘0086, 
‘007, and -006 of an inch. The resistance of each yard was re- 
spectively 3, 8:7, ‘7,and 1°4 ohms (the silver alloy was exceptionally 
hard). From these again I cut off a foot and soldered them end to 
end in a successive chain, and stretched them out (fig. 8) in a line, 
with their junctions firmly clumped to prevent the sound of the one 
running into the other. I then attached four similar mechanical 
telephones to them, and found, at least so far as the ear could judge, 
that the sounds emitted by each, when the same broken current 
passed through all, were proportionate to the resistance such offered, 
in the case of the last three metals, whilst the sound given out by 
the iron distanced all the others. ‘The German silver here was much 
louder than the silver, which again was, one could fancy, twice as 
loud as the copper. This seems to clash with what we have stated 
with reference to the conducting discs on or near the core of the 
magnet of the telephone. It may be somewhat hazardous to venture 
an explanation, but there is one that turns up so readily at the first 
consideration of the matter that I may mention it. In the case of 
the wires the same current passed through all, but in the discs the 
currents induced would be, asis generally received, relatively in pro- 
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portion to the conductivity of each. If it now be accepted that the 
sounding action be like heat proportionate to the square of the 
current strength, the apparent discrepancy is accounted for, Suppose » 
the conductivity of silver to be ten times greater than that of German 
silver, then in the silver plate a tenfold greater current would be 
induced, and would have in consequence one hundredfold greater 
sounding power than that of the German silver in the same resistance ; 
but as the resistance of the German silver is ten times greater than 
that of the silver, there would still be 2 tenfold louder sound in the — 
silver than in the German silver, quite a sufficient margin to remove 
the discrepancy. In addition to the action within the plates here 
discussed, there may of course also be the external push-and-pull, 
as with the iron disc. In wires the length involved has little | 
effect on the sound; for though a long stretch of wire does 
sound louder than a short one, the difference is by no means in 
keeping with the respective lengths. In thick wires-‘no sound is 
got. I tried in vain with the strongest current I could conveniently 
use to get a sound out of a No. 14 copper wire. 

Now here at least it will be admitted that we have a molecular 
action, It may be replied that the earth’s magnetism has something 
to do withit. To show that it has not, we may try the somewhat 
inelegant feat of holding the end of the thin iron wire in the teeth, 
and turning it in every possible direction, when we shall find that 
the loudness of the ticking has no relation to direction. Again, 
when the string of the telephone is tied to the wire and made to go 
round it in a circle, we shall find no maximum or minimum points. 
This then is a telephonic action absolutely free from external push 
and pull, proceeding undoubtedly from molecular disturbance in the 
wire. That the action is magnetic in some way is evident from the 
exceptional position of iron in the series of metals. Dela Rive held 
that the sounding action of an iron wire, when the seat of a dis- 
continuous current was almost identical with, and must be traceable. 
to the same ultimate cause as, that it displays when placed ina 
magnetising helix excited by a similar current. The parallelism 
between the wire telephone and the ordinary electric telephone 
is so striking that no theory of the latter can be held to be 
complete without it includes the former, It seems to suggest that 
the sounds we hear in plates and rods under sudden electric or 
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- magnetic changes is partially at least due to the molecular distur- 
bances set up by induced momentary currents. Be that as it may, 
surely no one would be inclined to say that the ticking of a Bell 
_ telephone under a series of momentary currents is wholly mechanical, 
and that of a wire telephone under the same conditions wholly 
molecular. | | 

After observing these sounds, my next inquiry was to ascertain 
how they comported themselves in a helix capable of motion. 
With this view I coiled about ten feet of fine iron wire (°0173 inch 
diameter) into a spiral about 2 inch in diameter. I suspended it 
(fig. 9) by a thick wire held on a stand, and : 
arranged that its lower end should dip into a 
vessel of! mercury. Such a spiral is exceed- 


of its slender convolutions is most easily ex- 
cited.’ When left free to itself, and there is 
no interruption in the mercury below, that 
is, no spark reaction, the motion produced by 
a discontinuous current of five Bunsen cells 
is very slight; but if a 32-inch soft iron rod 
be introduced so as to be clear of the sides of - 
the spiral, the mechanical excitement of the 
spiral is more marked, but still not much, 
But if I hold down the lower end, and 
it so happen that the tension and number 
of convolutions be sufficient, the helix 
divides itself into two very active ventral segments with a node 
in the middle. The motion, especially at the middle of each 
segment, is now very considerable. But if it does not vibrate 
thus symmetrically, by shifting the fingers a little, a point is 
easily found by which at least one very active ventral segment is 
secured. If now toa point of maximum motion I soldera very fine 
- copper wire, to serve as the thread of a mechanical telephone and 
make it come out at right angles to the motion of the spiral, it does 
not interfere with it. By this contrivance [ secure the advantage of 
listening to what goes on in the wire without interfering with any 
mechanical magnetic effect. Profiting by the experience of the fork, I 
found that a fine wire could hang loosely, and yet convey vibrations to 


Hi 

oe. 
jj, 
ei. 
| 
| 


Hi, 

5 
i 

: 

| 

| 

| 


634 Proceedings of | the Royal Society 


thetelephone. Fine iron wire answers very well, but in this case it is 

inapplicable, as it sets up a cleurly audible action on its own account, 
When the ear is now applied to the telephone the ticking that you 
would hear in the wire, if it were straight, is heard distinctly, and 
is the only distinct sound, for the up and down motion of the 
convolution only produces a slight jingling in the connecting 
wire, and possibly also in the coil. When the convolution is held 
tight in the fingers the ticking goes on if anything more distinctly 
than before. Whether the mechanical motion by the increased 
fixity of the helix is converted into louder ticking, could not be 
decided by the difference. Here we have two vibrations quite 
distinct from one another, the ticking in the wire and the me- 
chanical motion due to the mutual electro-magnetic action ‘between — 
the rod and the coil. If this last were quick enough it would 
also be telephoned, but the rate of vibration being below that of 
musical frequency it is nothing but inaudible motion. In this 
helix action I would submit we have a dissected view of all 
receiving telephonic action—a vibration im the body clearly of — 
molecular origin, and another of the body of a push-and-pull kind. 
The latter may be stopped or nearly so, but not the former. From 
its internal origin it is bound to make itself good, and when the 
body is held in the grasp of the most rigid substance it only propa- 
gates in it the minute vibrations which no elastic matter can stop. 
In the vibrations of coils, cores, or plates, the same thing holds. 
Molecular vibration is present in them all, and how far mechanical 
vibration chimes in in unison depends entirely on the ease with 
which such can be produced. 

There is apparently a marked difference between these two vibra- 
tions. The one can make itself good acoustically by one impulse, 
the other not. I have tried in vain, while holding taut the 
thread of a mechanical telephone without letting the fingers slip, to 
produce, by a sudden pull or let go, the tick that resounds in iron 
or a conductor when a current suddenly begin or ends, and I could 
only do so by letting the string slip the slightest degree, so as to set 
up a short series of vibrations. Each galvanic or magnetic tick or 
tap may not, in the first instance, be more than a simple shock; 

but so sudden is it that the particles concerned do not recover at 
- once, but continue vibrating for an infinitesimal time, and hence 
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the pitch or musical sound that generally accompanies it. When, 
however, a prolonged vibration is difficult, and the impulses brace 
each other up by frequent repetition, we have possibly in the first 
case a very short series, and in the other only one vibration. Such 
_ vibrations are as capable of rendering all complex acoustic combina- 
tions as vibrations of the push-and-pull kind. 

It would be a matter of mere speculation to guess how the condi- 
tions of the vibrating helix are transferred to vibrating rods or discs 
of iron in an intermittent magnetic field. I would only say that 
the same double vibration is clearly traceable in them. To illus- 
trate this in the case of rods, I took a small coil of No. 20 wire, 2 
inches in diameter and about an inch high with a hollow axis of 
2 inch, and sent the interrupted current of a five Bunsen cell bat- 
tery through it. Inside the axis I put a soft iron pin 2 inches long 
and } inch square (fig. 10). To the upper end a fine copper wire 
was soldered to act as the thread of a telephone. When rightly 
placed the pin supported itself in the hollow, and kept dancing up 
and down symmetrically without much friction against the inside 
of the bobbin hollow. Here the mechanical motion was not so 
clearly eliminated as in the case of the helix; yet the ticking was | 
heard, and it alone, when the motion of the pin was stopped by the 
hand. ‘The impossibility of stopping the ticking of the pin was 


shown by securing its ends between the jaws of a vice and making it | 

as tight as possible, when the vice itself took up the tale of electric ie 
interruption, and made itself heard all round. A curious change _ 
was observed in long iron rods when this coil was placed round the 
middle of them and when shifted to the end. In the former posi- 

tion the sound was a stuccato rendering of the longitudinal note of 
the rod, and in the latter this sound was lost in a dull tapping. In 
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the latter position there was a promounied tendency to push and 
pull. 
I adopted a similar arrangement with the vibrating disc of the 
telephone. To the middle of one I cemented an india-rubber tube 
to act as a yielding handle, and the paper telephone wire was sol- 
dered near the middle. The disc was made to move in front of a 
telephone core excited by the coil just named. The movements of 
the disc were very violent, and made in all directions, making the 
connecting string jingle loudly, so that the isolation of the ticking 
sound was not so satisfactory as in the two previous cases. Still it 
was heard, and when the motions of the disc were kept in one direc- 
tion its loudness did not grow with the extent of the motion. With 
a fine coil and a water cell the ticks were distinct enough ; but the 
mechanical displacement was too small to yield the required com- 
parison. The impossibility of stopping this ticking was illustrated 
in the following way :—A ferrotype plate was held tightly between 
two thin pieces of plate glass, the space between being filled up 
with sealing wax so that the whole was a solid mass of glass and 
wax. This was brought near a core excited by a water cell, when 
the sound was loudly rendered. Another illustration to the same 
effect was that of cementing by sealing wax the ferrotype plate of a 
telephone to a disc of thick microscopic glass, and putting this in 
the telephone with the glass side to the ear or mouth. _Its articulate 
functions, though much impaired, still continued. 

Lastly, to test whether the tick in a coil was due to slectale con- 
duction, I screwed a pin into the core of the telephone so as to act as 
a prolongation of the core; round this I placed a coil of fine wire, 
to which the string of a paper telephone was attached. There was 
no ticking heard so long as the circuit of the coil was broken; but 
the moment it was closed the ticking began. The coil was, of 
course, clear of the core. At the same time, however, there was 
mechanical action between the coil and core, illustrating the dif- 
ficulty in such cases of determining by direct observation whether 
the single mechanical pull may not also make itself heard. 

In conclusion, I would say, by way of summing up the evidence 
of this paper, that at the sending station the evidence of mulecular 
action, though suggestive, is by no means conclusive ; while at the 
receiving station the existence of molecular as well as mechanical 
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action amounts to demonstration. How the actual performance of 
the receiving instrument is to be apportioned between these, it is, 
of course, difficult to say. Taking into account Professor Tait’s 
calculations as to the infinitesimal strength of a current that can 
make a telephone tick, and assuming that that tick is purely mole- 
cular, as we have done, molecular action must be there not the less 
considerable, 


2. Sketch of the Arrangement of Tables of Ballistic Curves in 
a medium resisting as the Square of the Velocity, and of 
the Application of these Tables to Gunnery. By EDwarp 
SANG. | 


The motion of a body in a medium whose resistance is propor- 
tional to the square of the velocity, has been the subject of many — 
inquiries. Its intimate connection with the theory and practice of 
gunnery has produced for it the attention of almost every cultivator 
of the higher analysis; but, like several other seemingly elementary 
problems in mechanics, it has hitherto received no complete solution. 
If nothing else than the fluid’s resistance influence the: motion 
the investigation is comparatively easy ; thus, taking the time as 
the primary variable, the 
speed has its own square 
for its derivative, and so 
must be proportional to 
the first inverse power of 
the time, and consequently 
the distance passed over 
must be proportional to 
the logarithm of that time. 
Hence, if the present posi- 
tion, the velocity and the 
coefficient of resistance” be 
given, we can compute, for- 
wards, the position and 
velocity at any future time; or backwards, ia those had been 
at previous times. But since the velocities are inversely propor- 


tional to the times elapsed rome some fixed epoch, it follows that, 
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at that epoch, the velocity must have been infinite, so that although 
the body may have come from an infinite distance, setting out 
therefrom with an infinite velocity, it must have begun that motion 
a finite time ago. | 

_ If we represent time by distances measured along OF, one of the 
asymptotes of a hyperbola, the ordinates, such as Py, drawn parallel 
to the other asymptote, are proportional to the corresponding 
velocities. Thus the present velocity being Pp, that at the future 
time OA will be Aa, while that at the former date OB had been 
Bb; and the areas BopP, PpaA represent the distances passed 
over during the intervals of time BP and PA. The distance 
corresponding to the finite previous time OP is thus infinite, and 
so also must have been the velocity of projection at the date O. 

When the motion is affected by some influence other than the — 
resistance, the investigation becomes more intricate. The case of a 
constant gravitation in a fixed direction is the simplest of these 
complications, and the simplest case of this is when the directions 
of the motion and of gravitation coincide. 

Ifa stone be thrown straight upwards, its motion is impeded both 
by its weight and by the air’s resistance ; in the subsequent descent 
the motion is accelerated by gravity, but retarded by the air; so 
that, for the ascent, the soliciting influence takes the form g+cv®, 
and for the descent becomes g — cv. Now the change in the sign of © 
the velocity from + in the ascent to —v in the descent, is not 
accompanied by any change in the sign of v%, and therefore both 
parts of the motion cannot be represented by any one algebraic 
formula. Accordingly we find the upward motion to be repre- 
sented by circular functions; the downward motion by the corre- 
sponding catenarian ones. 

In fig. 2, the left hand row of dots satiate the upward 
motion graduated to equal intervals of time. The stone is first 
shown at A as having come from some indefinite distance below ; 
its speed, rapidly diminished, is altogether extinguished at N. In 
order to avoid confusion, the descent is shown on the adj oining right 
hand column of dots. 

In descending, the acceleration due to gravity becomes less and 
less ; it would cease altogether if the velocity could become so great 
as to cause a resistance equal to the weight; the tendency, there- 
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fore, is to reach a definite terminal velocity, and the stone ultimately 


moves almost uniformly. If it had been 
thrown downwards at arate greater than this 
terminal velocity, its motion would have been 
retarded, but less and less so as it approximated 
to the same limit of uniform motion. | 

We may study the ascent by tracing it back- 
wards from the highest point, fancying the air 


to have then the quality of hastening the — 


motion. In this case the velocity would in- 
crease to become infinite; but this infinite 
velocity would be acquired in a finite time. 
In fact, the time being represented by a cir- 
- eular arc, the velocity would be proportional 


to the tangent of that arc, so that in the time | 


corresponding to a whole quadrant, the velocity 
would become infinite. Thus it seems that, 
however rapidly a stone may be thrown up- 

wards, its motion is extinguished within a 
finite time determined by the coefficient of 
resistance. 

Each particular body has its own terminal 
velocity depending on the weight and on the 
extent and peculiarities of the surface exposed 
to resistance; but the motions of all follow 
exactly the same law, so that one diagram may 
serve for all, the units of comparison alone 
needing to be changed. 

Also, one table of the positions and velocities 
may be made to do for all cases. In the 
- arrangement of such a table we have to seek 
for the most convenient system of units ; now, 
on contemplating the motion of a projectile 
independently of our measures of time and 
distance, we perceive that the terminal speed 
is the only standard with which we can com- 
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pare the velocities at the various parts of the path, wherefore va 
adopt this terminal velocity as the tabular unit of speed. _ 
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This terminal velocity has to be considered along with the inten- 
sity ot gravitation, which intensity, if acting alone, would generate 
velocities proportional to the times; wherefore the time in which 
the heavy body, falling freely, would acquire the terminal velocity, 
presents itself as the proper tabular unit of time, and, as a necessary 
accompaniment, the tabular unit of distance must be that over 
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which the body would pass with its uniform terminal velocity in 


the time during which that terminal velocity was acquired ; or, in 
other words, must be double the height of the free fall needed for 


the acquisition of the final velocity. 


The accompanying table has been constructed for these assumed 
- units; the details of the rise are given on the left hand, those of 
the fall on the right hand side, the times being — before and 


after the instant of culmination :— 

| Time of 

Free Fall. | 
| Time. | Velocity. | Rise. Fall. |Velocity.| Time. ‘Pine of 
Actual 

Fail. 

| -00000 | -00000 || -e0000 | 00000 | | 1-00000 
"10033 | ‘00501 00499 | 09967 | *99918 
2 20271 | °02013 "01987 19738 ‘99669 
3 *30934 | -04569 04434 29131 3 "99265 
4 42279 | 08223 ‘07795 37995 98714 
—0°5 °54630 | °138058 12011 46212 | +0°5 98026 
6 68414 | °19197 "17014 | °53705 97221 
"84209 °26809 29727 | *60437 96313 
8 | 1°02964 | ‘36139 "29075 | °66404 "95321 
9 | 1°26016 | °47544 || °85983 | °71630 9 "94260 
—1:0 | 155741 | 61573 || -43378 | -76159 |+1:0| -93143 
| 1:°96476 | °79055 51194 | ‘80050 ‘] "91988 

2°57215 |1°01512 || °59869 | ‘83365 2 90806 
| 3°60210 | 1°31864 || ‘67850 | -86172 3 *89608 
| 5°79789 | 1°77215 || °76570 | °88552 ‘41 °88393 
—1°5 | 14°10143 | 2°64878 | °85544 | 90515 |+15; -872904 
94681 | ‘92167 | -6| 86005 
1°03968 93541 "84824 
1°13381 94681 8 *83637 
1°22898 | ‘95624 9 "82516 
132500 | 96403 | +20] -81394 


Opposite the time 1:3 in the first column, we find the velocity 
3°60210, this means that if the stone be thrown upwards with the 
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velocity 3°60210, as at A in fig. 2, it will reach its highest point 
in the time 1-3, the height to which it will rise being 1:31864, as 
shown in the third column. The subsequent fall is shown in the 
fourth column, and there we find that the same level is reached just 
before the time 2°0; the whole time of flight being somewhat less 
than 3°3. | 

To translate this into ordinary measures, let us suppose a body 
whose terminal velocity is 320 feet per second ; the time in which 
this velocity is acquired in tree fall is 10 seconds, and therefore all 
the tabular times must be multiplied by 10, the tabular velocities 
by 320, and the linear distances by 3200. Hence if such a body 
were thrown upwards with a velocity of 1152 feet per second, it 
would rise in 13 seconds to a height of 4230 feet, and would thence 
descend in 19°93 seconds, striking the ground with the velocity of 
308 feet per second. 

This table enables us to interpret ete the results of experiments 
made on falling bodies. Thus, if the height and the time of descent 
be accurately observed, we may thence deduce the terminal velocity; 
from which, again, knowing the weight and the extent of surface, | 
we may discover the constant of the coefficient of resistance. In 
order to facilitate the computations for this class of experiments, we 
may annex another column to our table, namely, one containing the 
ratio of the time of free fall to the actual time of fall. Thus the 
fall through the distance 1:32500, which is done in the time 20 — 
with resistance, would be accomplished in 1°62788 if there were no 
resistance due to velocity, and the ratio, as shown in the annexed 
column, is *81394. 

Suppose now that a body has been dropped from a height of 400 
feet, and that the observed time of the fall is 6 seconds ; the time 
of falling freely from this height is known to be 5 seconds, and 
therefore the ratio is ‘°83333. The table shows that this ratio be- 
longs to the tabular time 1°8271, and that, consequently, 3:284 
seconds is the time in which the terminal velocity is acquired in 
falling freely ; that terminal velocity, therefore, must be 105 feet 
per second. | 

In experiments of this kind, the disengagement at the beginning 
and the stroke at the end of the fall may be made, by help of the 
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electro-magnet, to record themselves alongside of the records of the 
beats of a clock, and thus very great precision may be obtained. 


When the stone is thrown obliquely, its path is curved; were 
there no air, that path would be the well-known parabola, which 
forms the first ideal approximation. With speeds very small in 
comparison with the terminal velocity, the deviation from the para- 
bolic curve is slight; but the deviation becomes excessive in the 
ordinary practice of gunnery. | 

Beginning with the case of a body thrown obliquely upwards, 
we observe that its upward motion is resisted both by the air and 
by gravity ; when it has reached its highest point and is descend- 
ing, the downward motion is less rapidly accelerated than the up- 
ward motion had been retarded, so that the culminating point is. 
reached earlier than the half-time of flight. _ On the other hand, the 
horizontal transference is retarded all along, wherefore the vertex of 
the curve is beyond the middle of the horizontal range, as is seen 
in fig. 3, which shows the positions of a projectile at equal inter- 
vals of time. 


A 
o— 
Fig.3. 


After having passed the highest point at V, the projectile bends 
its motion more and more downwards, until ultimately the path 
almost coincides with the plumb-line ; the speed, at the same time, 
gradually approximates to the terminal velocity, and thus the curve 
in that direction is limited by a vertical asymptote. 

Reckoning backwards on the other side of the culminating point, 
the speed is rapidly augmented, and would become infinite within a 
definite time ; the inclination of the curve also tends to a definite 
limit, wherefore this branch, too, has a rectilineal asymptote ; so that 
the whole curve is continued in the angle formed by the two asymp- 
totes as represented in fig. 4. Thus the branch VB, unlimited in 


| 
i 


of Edinburgh, Session 1877-78, 643 


length, is limited in the time of its description; while the branch 
VC, also unlimited in length, is unlimited as to time, but is limited 
as to the extent of its horizontal range. — | 


Fig.4. 


B C 


The intensity of gravitation being known; if the terminal velo- 
city, the direction, and the velocity at any point be given, we can — 
compute the position, the velocity, and the direction at any pro- 
posed instant. These three data serve to determine the curve, and 
in general any three data are sufficient, as, say, the inclination, the 
range, and the time of flight. The direct computation from the first- 
named three arguments is very operose; in the other cases it is 
much more so, because we can only proceed by the method of suc- 
cessive trials, or, what comes to the same thing, we must have 
recourse to tabulated results, | 

My object at present is to describe the arrangement of tables of 
this kind, and to explain their uses, | 

If we launch two masses at the same angle with speeds pro- 
portional to the terminal velocities, the paths are similar in shape 
though on different scales and performed in different times. This 
circumstance is the first and principal guide in the arrangement of 
the tables, because the computations for the one trajectory are easily 
made to serve for the other. We naturally select for tabulation that 
one in which the terminal velocity is unit. | 

These ballistic curves differ in character as well as in size, The 
characteristic of the shape may be taken as the angle A (fig. 4), 
made by the two asymptotes, or we may adopt the velocity at some 
definite direction, say the velocity at the summit V. The former is 
general in its application, it includes the cases of projection obliquely 
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downwards, even to the limit of projection in the direction of gravity ; 
but the latter has the advantage of more ready reference to practice, 
and lies more to hand in the calculations. | 

In the subjoined example of a table, the velocity at the summit 
is assumed to be just equal to the terminal velocity, and the details 
are given for intervals of one-tenth part of the tabular unit of time. 
For actual use these intervals must be made much smaller, and the 
tables should be arranged for values of the characteristic velocity, 
differing slightly from each other ; the former table may be regarded 
as the beginning of the series with the title V =0. 

Since the curves extend indefinitely both ways, such tables must 
always be incomplete ; we can do no more than carry them to the 
limits of probable utility. 

The first part of the table contains the details of the rise; thus a 
body shot off at the instant — ‘50, with the velocity 2°18, and at an 


Velocity at Summit, V = 1°00000. 
Time. | Elevation. | Velocity. Rise. Hor. Distance. 
00 | 0°00 1:00000 ‘00000 00000 
+ 5 °°95 1°11630 "00518 —'10537 
— +10 “12 1°27188 02158 — °29323 
— ‘30 +14 1°48161 05092 ‘35716 
— ‘40 +17 “42 1°77176 | "09580 — ‘51262 
—50 | +20 “27 2°18190 16041 "69840 
Time. | Depression. | Velocity. Fall. Hor. Distance. 
00} 0°00’ | 1:00000 00000 00000 | 
+°10 — 6°00 91394 "00484 + °09521 
+ °20 —12 *85219 701883 + °18217 
+ °30 —19 °81041 04127 + 26201 
+ °40 — 25 °°42 78508 07157 + 33561 
+ °50 — 37 ‘77348 "10921 + °40362 
| —38 "38 717521 ‘15481 +°46631 
+°70 —44 “79801 20628 + °52326 


elevation of 20°27’, gradually loses speed, ag shown in the third 
column, and reaches the summit at the instant ‘00, having there a 
velocity of 1:00, and being now ‘160 above its original level. The 
details of the descent are given in the second part of the table. On 
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consultin g the column marked Fall, we find that the original level 


is reached between the instants + +60 and +°70, by interpolation at 
“611, so that the whole time of its flight has been 1111. Also, in 

the columns marked Hor. Distance, we find *6984 for that covered 
during the rise, and ‘4726 for that passed over during the fall, 
making the total horizontal range 1:1710. The velocity with which 
the ball strikes the ground is seen to be ‘7777, while the impact is 
at an angle of 39°19’. The squares of the initial and final velo- 
cities are nearly in the ratio of 55 to 7; that is to say, of the work 
done by the gunpowder in putting the ball in motion, 48 parts are 


spent on the air, and 7 parts wed remain to represent the destruc- 
tive effort. 


Thus we can readily compute the range, the time of flight, and 


the incidence of the ball. A table of these, such as the following, 
forms a convenient adjunct to the fundamental table :— 


Velocity at Summit = 1:00000. 
Elev. | Velocity. | Range. Time. Velocity. Depr. 
5°26’ | 111630 20372 20347. | 91142 6°13! 
10 1°27188 ‘41740 °41452 *84497 13 
1°48161 64538 63470 ‘79993 21 “26 . 
17 42 1°77176 *89405 °86649 ‘77594 30 “O01 
20 2°18190 1:17100 1°11087 ‘77768 39 “19 


In order to apply these results to business, we must ascertain the 
values of the tabular units in terms of the actual units of time and 
distance. This is easily done if the terminal velocity be known. 
As an example, let us take a bullet whose terminal velocity is 800 
feet per second, in which case the tabular velocities must all be 
multiplied by 800. A heavy body falling freely acquires velocity 
at the rate of 32 feet per second for each second of time, and would 
acquire this velocity of 800 in 25 seconds, wherefore all the tabular 
times must be multiplied by 25. Lastly, the unit of distance 
is described with the unit velocity in the unit of time, where- 
fore 800 x 25 = 20000 feet is the actual linear unit of the 
tables as applied to this particular projectile. The above ex- 
ample, therefore, expressed in English feet and in seconds of 


time, becomes | 
VOL. IX. 4Q 
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Angle of elevation, m 30°27’. 
Initial velocity, = 17455 feet per sec. 
Time of ascent, = 12°5 see. 
Rise, | = 3208 feet. 
Time of descent, = 15°6 see. 
Horizontal range, g§g.§ = 23420 feet. 
Final velocity, . = 622 feet per sec. 


Angle of incidence, = 39°19’. 


If the same ball be shot from the same gun, but at another inclina- | 
tion, the shape of the path is changed and the details thereof must 
be sought for in another table. We search among the various 
tables for that one in which the given initial velocity is found op- 
posite the proposed angle of elevation ; if the tables be constructed 
for values of V sufficiently close, we shall find this either directly 
or by an easy interpolation ; and then, proceeding as above, we can 
get all the desired information. 

Similarly, if the initial velocity and the horizontal range be given, 
we convert these into the corresponding tabular numbers, and search 
among the various tables for that one in which these two are found 
together; the angle of inclination, the time of flight, and all the 
other quesita of the problem are then to hand. 

It has been stated that three data suffice to determine the path. 
When the terminal velocity is one of these, the solution is obtained 
by simple inspection ; but when that velocity is one of the quesita, 
the operation becomes indirect. 

Suppose that the velocity communicated to a given shot by a 
specific charge of gunpowder has been ascertained, say, by help of the 
ballistic pendulum, we may discover the terminal velocity of that 
shot by observing the angle of elevation and the horizontal range. 
For this purpose we assume some terminal velocity, thence compute 
the corresponding tabular initial velocity, and thereby obtain the 
corresponding horizontal range. If this come out too much, we 
must reduce the assumed terminal velocity, and continue our trials 
until the computed agree with the measured distance. If the time 
of flight have also been carefully noted, we get a corroboration of 
the accuracy of the result. | 
_ Not only so, we may Soe altogether with the ballistic pen- 
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dulum, and determine both the initial velocity and the resistance by 
accurate observations of the angle, the range, and the time of flight. 
For the purpose of facilitating the solutions of the various problems — 


which may arise in practice, auxiliary tables msy. be derived from 
the fundamental ones, 


_ When a shot is fired in a steady breeze, the direction in which — 
the ball meets the air is not the apparent direction of the gun, it is 
that of the resultant of the two motions, and the computations have 
to be made as for that resultant. : 

Thus if AZ (fig. 5) represent the horizontal direction of the 
gun, and AB the initial velocity of the ball projected on the hori- 
zontal plane, while 0B represents the velocity of the wind, Ad will 
be the horizontal direction in which the ball meets the air. Since 
the vertical motion is not affected, the tangent of. the elevation of 
the gun must be changed in the ratio of Ab to AB in order to get 
the tangent of the true angle of elevation in relation to the air, and 
Ab multiplied by the secant of that elevation is the true initial 
velocity. 


If we now, using these corrected arguments, compute the hori 
zontal distances corresponding to equal intervals of time, measure 
those along the prolongation of Ab and from the successive points 
draw parallels cC, dD, &c., multiples of 0B, we shall have the 
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horizontal projection of the ball’s path, that path being a line of 
double curvature. | 

As an example of the variety and completeness of the information 
conveyed by such tables, we may cite the path detailed in the pre- 
ceding table and represented by fig. 3. 

The ball is projected from A with the velocity of 2°18, and at 
once encounters a-resistance 43 times greater than its weight. Ths 
speed is rapidly lessened, and the path is deflected to become hori- 
zontal at V, where, in the present instance, the resistance is just 
equal to the weight. On account of this resistance the speed is 
still slackened, but gravity now comes to accelerate the motion 
downwards, and, at about the fifth interval from V, has overcome 
the retardation, thereafter the velocity slowly increases, and tends 
ultimately to reach the limit 1-00. . | 

Those cases,in which the characteristic angle A of fig. 4 is 
obtuse have little or no application to gunnery; in them the path © 
is never horizontal, but is inclined downwards all along. 


The analysis of these motions is complex, and the calculations 
thereon following are tedious, but the results, when tabulated, are 
of easy application. The theory would be uninteresting to those 
engaged in the actual business, just as the mode of construction of 
trigonometric and logarithmic tables is scarcely ever thought of by 
the navigator or surveyor. What we have at present to consider is 


the advantage to be gained by the compilation of a series of tables 
such as those sketched out. 


3. On some Physical Experiments relating to the Function of 
the Kidney. By David Newman, Glasgow. Communi- 
cated by Professor M‘Kendrick. 


(Abstract. ) 


This paper treats of the physical influences which promote the — 
secretion of urine, as far as can be demonstrated by experiments 
upon animal membranes and the kidneys of animals recently killed. 
Before going on to consider the subject I may be permitted simply 
to mention the theory held regarding the means by which the 
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kidney performs its function, and also say a word or two in connec- 
tion with the structure of that organ. As regards its histology the 
kidney may be said to be composed of two elements—(1) the blood- 
- vessels, and (2) the tubuli uriniferi. (This is leaving out of account 
the lymphatic arrangement.) The kidney receives its supply of 
blood from the renal artery, which, as it passes into the substance — 
of the kidney, penetrates the cortical portion and gives off 
branches. ‘The uriniferous tubules in this part of the kidney 
end in globular dilatations called the capsules, or Malpighian 
bodies; it is into these that the branches of the renal artery ~ 
pass to form convoluted coils, the glomeruli. The branches 
of the renal artery which pass into the glomeruli are called the 
afferent vessels, and the vessels that are formed by the reunion of 
the branches of the glomeruli are called the efferent vessels. After 
the efferent vessels emerge from the capsule of the Malpighian body 
they again subdivide to form true capillaries, most of which go to 
form a closely meshed network round the tubuli uriniferi. They 
finally unite to form the radicals of the renal vein. , 

To make use of the description of Mr Bowman, “ it would be dif- 
ficult to conceive a disposition of parts more calculated to favour 
the escape of water from the blood than that of the Malpighian 
body. A large artery breaks up in a very direct manner into a 
number of minute branches, each of which suddenly opens up into 
an assemblage of vessels of far greater aggregate capacity than itself, 
and from which there is one narrow exit. Hence must arise a very 
abrupt retardation to the velocity of the current of blood.” But 
besides this arrangement, by which a large volume of blood is 
exposed to circumstances the most conducive to free filtration of its 
fluid constituents, we have a condition, namely, the secondary capil- 
lary system on the distal side of the glomerulus, which, by its resist- 
ance to the onward flow of the blood, subjects the blood inside the 
Malpighian body to considerable pressure. It is now generally sup- 
posed that the excretion of urine takes place by filtration of a dilute 
solution of the soluble constituents of the urine through the glome- 
rulus into the capsule of the Malpighian body. This weak solution 
then passes along the tubuli uriniferi, where it comes into close con- 
tact with the blood it has just left. It is then supposed that an inter- 
change takes place between the blood in the capillaries surrounding 
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the tubules and the fluid inside by which a certain amount of the 
water passes again into the blood, and so leaves the urine in a more 
concentrated state than it was when it first passed from the glome- 
rulus into the dilated end of the urine tubes (Ludwig). It is believed, 
however, that the epithelium, which lines the convoluted tubes, per- 
forms certain functions in connection with the secretion of the solid 
constituents. 

The rapidity of the secretion of urine may be said to depend upon 
the following factors:—(1) The relationship which exists between 
the pressure of the blood in the glomerulus of vessels and the urine 
in the capsule of the Malpighian body and in the tubuli uriniferi ; 
(2) the state of the blood pressure in the venous system of the kid- 
ney; (3) the pressure upon the lymphatics; (4) the quality of the blood — 
in the artery of the Malpighian tuft ; (5) the state of the walls of the 
artery constituting the Malpighian tuft, and of the capsule itself, 
these being regarded as the filter through which the fluids and soluble 
constituents of the blood have to pass. The influence of vaso-motor 
~ nerves upon secretion must not, however, be forgotten; not only do 

they exert an influence upon the quantity and quality of the secre- 
tion by dilating or contracting the arterioles, but their influence 
upon the chemical processes, by reason of their communications 
with the secreting cells (Pfliiger), must be remembered ; ( ®) activity 
of tubular epithelium. 

In the experiments I have endeavoured to imitate the conditions 
found in the Malpighian body of the kidney. I have not been 
able, however, to represent the lymphatic arrangement. 

_ The apparatus, a drawing of which, kindly executed for me by 

my friend Dr Robert Moffatt, is shown in the following woodcut. It 
consists of a piece of rabbit’s bowel A? enclosed in a glass tube B?. 
To each end of the bowel a small glass T-tube is attached. One of 
those tubes is connected with a pressure-bottle A, and a mano- 
meter A!. The pressure exercised upon the fluid inside the bowel 
by the pressure-bottle and indicated by the manometer A! will be 
designated the afferent pressure. The tube attached to the other 
side of the bowel conveys the fluid that passes along the bowel to 
the vessel B, and the pressure exercised upon the fluid which it 
contains, called the efferent resistance, is indicated by the manometer 
B!, Through a cork at the right hand side of the large tube, another 
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T-tube communicates, on the one hand, with the inside of the large 
glass tube containing the bowel, and, on the other, the vessel E and 
manometer C1, The vessel E will therefore contain the fluid that 
filters through the membrane 


The index in the manometer A! will therefore represent the 
afferent pressure, and correspond to the arterial tension of the renal 
artery; B! will indicate the efferent resistance (when applied to the 
kidney, the venous resistance), while the manometer C! will show 
the resistance offered by the fluid in the tube B? to the transuda- 
tion of the fluid inside the bowel, and therefore correspond to the 
tension of the urine in the capsule of the Malpighian body. 

In the first series of experiments water was passed into the 
bowel under an afferent pressure of from 10 to 50mm. of mercury, 
the efferent resistance being the same in each experiment as the 
afferent pressure, so that no water passed along the bowel to B. 

The amount of fluid which transuded through the bowel was found 
to increase in accordance with the pressure used. It was shown 
that for every 10 mm, increase in the pressure, there was ‘533 c.c. 
more water filtered through the bowel per minute. Thus under a 
pressure of 10mm. 2°133c.c. transuded in a minute, and when a 
pressure of 50 mm. was applied 4°266 c.c. passed in the same time, 
From these results we would therefore conclude that the amount of 
fluid which transudes through an animal membrane is increased ac- 
cording to the tension of the fluid inside. In relation to this ex- 
periment, take the following :—Instead of an animal membrane the 
kidney of a recently killed horse was employed; in this case a 
three-quarters per cent. salt solution was used instead of water, as it 
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was found that when water is passed into the vessels it almost 
immediately’ passes through the walls and causes oedema of the 
tissue, and the onward flow of the fluid is prevented. The salt 
solution seems, however, not to pass through the walls of the 
vessels into the lymphatic spaces so readily if the kidney is quite 
fresh, but still it passes from the glomeruli into the dilated end of 


the tubuli uriniferi. I found it very difficult to get this experi- 


ment to work satisfactorily, as the kidney requires to be used imme- 
diately after the death of the animal, and a number of precautions 
need to be taken which it is not necessary to mention here. 

In the experiments alluded to the salt solution was passed into 
the artery under various pressures, the venous resistance being 
equal to 20 mm. in all except the first, in which case no resistance 
was offered to the exit of the fluid by the vein. In the first ex- 
periment the solution seemed simply to pass from the arterial into 
the venous system, very little being pressed into the urine tubules. 
When, however, the efferent resistance is raised to 20 mm., and at 
the same time the afferent pressure advanced to 40 mm., the increase 
in the amount of fluid pressed into the ureter is obvious. In the 
other experiments upon the kidneys of animals, the results of which 
I will not give in detail, a somewhat similar plan was adopted. The 
following are the results:—(1.) When the fluid contained in the 
ureter is subjected to pressure, the quantity of fluid that passes 
from the vein is diminished in relation to the pressure employed, 
and so also is the amount of fluid that transudes from the glome- 
rulus into the capsule of the Malpighian body. (2.) The quantity 
of fluid that passes from’ the vein depends upon the amount of 
afferent pressure ; the greatest increase takes place between 40 and 
50 mm. (3.) The temperature of the fluid affects the rapidity of 
the flow through the vessels and the quantity that transudes into 
the tubuli uriniferi. The higher the temperature the greater is the 
amount of fluid passed from the ureter, and the more rapid the cir- 
culation through the vessels. (4.) When the fluid is pressed into 
the artery, it finds its way readily into the vein, but when injected 
into the vein, it does not escape by the artery. There must, there- 
fore, be some arrangement in the kidney, probably in the Mal- 
pighian body, by which regurgitation of the fluid is prevented. 

The results of the experiments with the bowel show (1.) that 
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the amount of fluid that transudes is in accordance with the pres- 
sure upon the fluid inside. (2.) For every 10 mm. increase in the 
afferent pressure ‘275 c.c. more fluid transudes per minute, and the 
flow along the bowel is increased ; whereas, when the efferent resist- 
ance is increased, the amount of fluid that transudes is augmented 
by ‘31 c.c. in the same time, and the flow along the bowel is 
diminished. Therefore the afferent pressure may be said to be 
expended in two ways—increasing the amount of fluid that tran- 
sudes, and the quantity that passes along the bowel—but the efferent 
resistance exerts its whole force in pressing the fluid through the — 
membrane, therefore, 10 mm. increase in the efferent resistance has 
more effect than the same increase in the afferent pressure, and for 
the same reason we would suppose that a given increase in the 
venous resistance would conduce more to rapid secretion of urine 
than the same increase in the arterial pressure, unless when the 
venous resistance is extreme when other factors come into play. 
(3.) The addition of urea slightly retards the transudation of water 
through the membrane. The filtrate contains the same percentage, 
whatever pressure may be employed, as the original solution. (4.) 
Albumen also retards the transudation of water, but it differs from 
urea in this respect, that the percentage of albumen in the filtrate 
is in relation to the pressure. The higher the pressure the larger 
the quantity of albumen in a given amount of the filtrate, (5.) The 
presence of urea in a solution of albumen assists the filtration of 
the albumen at the expense of the urea. The following table shows 
the results :— | 


Albumen. Urea. | 


Pressure Quantity of 
in mm. : Without With Without | Solution. 
With Urea. Urea. Albumen. | Albumen. 


10 ‘173 grms.| ‘13lgrms.| 65C.grms} 7:1C.grms} e.c. 

30 ‘600 , | 168 195 .| 39 ,,. 


(6.) The higher the temperature of the solution the more rapid 
the transudation of the fluid. Thus, when water was passed into 
the bowel at a temperature of 15'9° C., and under a pressure of 45 


mm.,, 142°5 c.c. filtered through in thirty minutes; whilst, when 
IX. R 
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the temperature alone was raised to 34:2° C., 197 c.c. transuded in 
the same time. 

At the beginning of this paper I seletred to 5 Ladwig! s theory regard- 
ing the secretion of urine, namely, that the blood is subjected to a high 
pressure inside the glomeruli, a free filtration into the dilated end of 
the tubuli uriniferi takes place, and this filtrate, which is at first very — 
dilute, gradually parts with a portion of the water that holds it in solu- 
tion. This is believed to take place by a process of diffusion between 
the fluid in the tubuli uriniferi and the blood in the veins surrounding 
them on all sides. Now, if it were not that albumen retards to a 
certain extent the passage of crystalloids (salts and urea) through an 
animal membrane, then the fluid in the inside of the urine tubules 
would be of the same concentration (in crystalloids) as the blood. 
But it has been shown that when a solution of albumen and urea 
are filtered through an animal membrane under pressure, the filtrate 
is less concentrated than the original solution, particularly as regards 
the amount of albumen, but also to a slight extent the urea. This 
is more especially the case when the pressure is not great. If the 
blood contained nothing but crystalloids (urea and salts) then the 
fluid inside the tubuli uriniferi would be the same as the fluid cir- 
culating in the vessels, and no diffusion would take place during the 
passage of the urine from the glomerulus to the pelvis of the kidney. 
This is, however, not the case; the blood circulating in the vessels 
contains a large quantity of albumen, and, if the theory above stated 
be correct, more urea than the fluid in the tubules, so that, putting 
aside any special function the epithelium may have, diffusion must 
result, and a portion of the water in the tubules pass back again into 
the blood. This diffusion will take place as the urine passes along 
the tubuli uriniferi either till it becomes of the same concentration 
as the blood outside, or makes its escape into the common ducts that 
convey it to the pelvis of the kidney. Therefore, the longer the 
urine remains in the tubuli uriniferi, other a being equal, the 
more concentrated will it be. 


4, Note of a Method of Studying the Binocular Vision 
of Colour. By John G. M‘Kendrick, M.D. 


There are several well-known methods of mixing colours, such as 
the superposition of two spectra or of different parts of the same 
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spectrum—the method of reflection, Czermak’s . modification of 
Scheiner’s experiment, the use of rotating disks having coloured 
sectors, and the direct mixture of coloured powders or coloured 
liquids. In all of these cases the effect may be seen with one eye, 
and is due to the action of light on a definite portion of one retina. 
But may sensations of mixed colours be produced by binocular 
vision of the components? Regarding this question various well- 
known observers have arrived at completely opposite results. Thus, 
as mentioned by Helmholtz in his “ Optique Physiologique,” p. 976, 
H. Meyer, Volkmann, Meissner, Funke, and he himself fail in ob- 
taining the sensation of the resulting colour, whilst Dove, Regnault, 
Briicke, Ludwig, Panum, and Hering state the reverse. In his 
great work, Helmholtz describes various methods by which he 
investigated the question, and his opinion amounts to this, that we 
have no true binocular perception of colour. According to him we 
may have a resultant sensation of a particular kind, different from 
that of the two components, but also unlike the sensation of the 
mixed colour obtained by methods appealing to one eye only. 

In studying this subject I lately devised the following simple © 
arrangement :—Take two No. 3 eye-pieces of Hartnack’s microscope, 
or any similar eye-pieces of considerable focal length, and place one 
before each eye. If they be somewhat diverged, two luminous fields 
will be seen, and by adjustment, the edge of the one luminous field 
may be caused to touch the edge of the other. In these circum- 
stances a definite area of each retina is illuminated. By converg- 
ing the eye-pieces, the two fields may then be partially overlapped, 
and when the axes of the two eye-pieces are parallel, both fields 
coincide. It will then be found that the overlapped portion is in- 
tensely luminous, whilst the other portiuns become less luminous, 
as if cast into shadow. By increasing or diminishing the amount of 
convergence of the eye-pieces, the extent of the luminous field may 
be varied at pleasure, and the two fields coincide when the two 
images fall on the two yellow spots. If, then, a small piece of 
coloured glass be inserted into each eye-piece, say red into one and 
blue into the other, on repeating the experiment as above mentioned, 
I find that the overlapping portion of the two fields gives a sensa-_ 
tion of the resultant colour. I have repeated the experiment with 
various coloured media, such as coloured gelatine paper, coloured 
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paper rendered translucent by oil, &c. In showing the experiment 
to others, I have found that certain people do not see the resultant 
colour, whilst others do so readily. The cause of this and of the 
opposite statements of the observers above alluded to, I believe to 
be this: The sensation resulting from the fusion in the brain of the 
two impressions, one coming from each eye, appears to be capable 
of decomposition by a mental effort. Thus, the purple produced 
by red and blue appears as such to my eye so long as I simply look — 
at it without any conscious effort; but if I wish to analyse it, I 
then find that the two colours, red and blue, seem to be superposed 
on each other, and the one appears to shine through the other. On 
ceasing to make any effort, they again fuse together as before. 
Again, by thinking of the colour opposite the right eye, say red, the 
field ceases to be purple and has a decided tinge of red, and on 
thinking of the colour before the left eye, say blue, the prevailing 
tone of the field is blue. Apparently, then, if corresponding points 
of two retinz be simultaneously stimulated by two different colours, 
the impressions are fused in consciousness into the resultant colour ; 
but the resulting sensation may be decomposed by an act of atten- 
tion. The decomposition is effected partly by strongly directing 
the attention to one eye, and less strongly to the other, and the 
result is a sensation corresponding to the colour placed before the 
eye to which the attentiofi is most strongly directed. Some of the 
same facts may be studied with the aid.of the stereoscope. 


The following Gentlemen were duly elected Fellows of the 
Society :— 


ALEX. MACFARLANE, M.A., B.Sc., 2 Roseneath Terrace. 
SAMUEL DREW, M.D., D.Sc., Chapelton, near Sheffield. 
GEoRGE M‘Gowan, 24 Argyll Place. | 
JAMES BRUNLEES, Vice-Pres., Inst. C.E., 5 Victoria Street, Westminster. 
JOHN GRAHAME DALZIEL, 95 South Street, St Andrews. 
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Monday, 20th May 1878. 


DAVID STEVENSON, Esq., C.E., Vice-President, 
in the Chair. 


The following Communications were read :— 


1. On the Genus Rhizodus. By Dr R. H. Traquair. 
(Abstract. ) 


In this paper the author first sketches the history of Rhizodus, 
from its discovery by Ure of Rutherglen to the most recent papers 
on the subject. 

Placed by Agassiz among the “ Coclacanthi ” (i.e, cycliferous 
Crossopterygia of modern nomenclature) it was classified by Professor 
Huxley in the cycliferous division of his family Glyptodipterini, 
along with Holoptychius, Glyptolepis, Dendrodus.. The discovery 
by the author, in 1875, of its subacutely lobate pectoral fin revealed 
the fact that it was much more closely allied to Rhizodopsis than to 
Holoptychius, and that it ought, along with the former genus, to be 
classed in a family (Cyclodipterini) distinct from the acutely lobate 
Holoptychiidae. The author does not consider the identity of 
Leidy’s genus Apepodus with Rhizodus as.proved. 

M‘Coy admitted two species of Rhizodus—R. Hibberti, Agassiz, 
and BR. gracilis, M‘Coy, merging with the former of these the Holop- 
tychius Portlockii of Agassiz. An examination of the types of 
Holoptychius Portlockii, preserved in the Museum of Practical 
Geology, shows, however, that this species is not only specifically 
_ but also generically distinct from Rhizodus Hibberti, as the teeth are 
devoid of the cutting edges characteristic of Rhizodus, and in this 
particular, as well as in the minute striation of the surface, they 
closely resemble those of Hancock and Atthey’s genus Archichthys, 
to which the author proposes to transfer it, at least provisionally. 

An investigation of the large store of Rhizodus remains from the 
Gilmerton ironstone, belonging to the Edinburgh Museum of Science 
and Art, shows the presence of two well-marked species of Rhizodus, 
Prffering in the bulk to which they attained respectively, as well as 
in the relative thickness of the scales, the shape of many of the 
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bones, and the external sculpture as well of the bones as of the 
scales. For the larger of these two species, there can be ‘no doubt 
of the propriety of retaining the specific name Hibverti, as it is 
clear that its enormous laniary teeth, as occurring in the limestone 
of Burdiehouse, and at first considered by Hibbert to be reptilian, 
originally suggested the name Megalichthys Hibberti to Agassiz, | 
which he afterwards altered to Holoptychius Hibberti, after elimi- 
nating the Saurodipterine remains previously confounded with them, 
and to which latter he then limited the term Megalichthys, rather 
unfortunately, as “Megalichthys” is the smaller fish! M‘Coy’s 
R. gracilis 1s certainly a synonym of &. Hibberti, the apparent 
greater slenderness of the dentary bone being due to the infra- 
dentary plates (not known to M‘Coy) being, as is often the case, 
awanting in the specimen ; and as regards the greater slenderness of 
the anterior laniary, a large series of teeth from Gilmerton shows 
every possible amount of gradation in that respect. For the smaller 
species, whose remains have hitherto been confounded with R. 
Hibberti, the author proposes the name of R. ornatus. 


1. Rhizodus Hibberti, Ag. sp. 


This species must have attained a gigantic size, a detached den-. 
tary bone in the Edinburgh Museum measuring no less than 25 
inches in length. Externally the cranial bones are ornamented by 
a rather fine tuberculation, the tubercles more or less confluent with — 
tortuous ridges. The mandible displays the same structure as in 
Rhizodupsis, the dentary element being narrow, pointed behind, 
thick in front, where it carries the anterior or symphyseal laniary 
tooth, the three other laniaries behind being borne upon separate 
internal dentary pieces. Below the dentary, and forming the lower 
margin of the jaw, are three infra-dentary plates, while posteriorly 
the articular region is covered by a large plate representing the 
angular element. Other determinable bones described in this paper 
are the maxilla, which, as in Rhizodopsis, only bears small teeth, 


the principal jugular, the operculum, the clavicle, the infra-clavi- 


cular ; there are others also whose place in the skeleton is not easily 
determinable. The clavicle and infra-clavicular are not tuberculated 
like the cranial bones, but ornamented with delicate reticulating — 
ridges and pits; the posterior superior angle of the infra-clavicular 
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is produced upwards and backwards in a long slender process. The 
scales are comparatively thin and very large, sometimes, as noticed 
by Hibbert, attaining a diameter of 5 inches ; usually they occur in 
a broken condition. Their attached surface is marked by a central 
boss and concentric lines of growth. The outer surface, very rarely 
seen, is ornamented by closely set granules, which towards the 
posterior border of the exposed area are confluent into wavy ridges 
terminating in the margin. These seem certainly to be the scales 
attributed to R. Hibberti by M‘Coy, but not by Young ; they are 
probably also the same as the undescribed ‘ Phyllolepsis tenuissimus ’ 
of Agassiz. | 

R. Hibberti occurs throughout the Cementstone and Carboniferous 
Limestone series of Scotland, the most noted locality being Gilmerton, 
near Edinburgh. 


2. R. ornatus, sp. nov. Traquair. 


To this species, which seems never to have attained anything like 
the dimensions of R. Hibberti, belong the specimen showing the 
pectoral fin described by the author in 1875, the head described by 
Mr L. C. Miall, and in fact nearly all the specimens in which any 
portion of a fish with bones or scales 7 situ is shown. The orna- 
ment of the cranial bones is somewhat similar in character to that 
in R&R. Hibberti, but very much coarser; the same is the case with 
the bones of the shoulder. Of the bones the following have been 
recognised by the author—dentary, operculum, principal jugular, 
clavicle, im fra-clavicular ; there are also others whose determination 
is still somewhat doubtful. The clavicle differs somewhat in form 
from that of R. Hibberti, its lower portion being narrower from 
before backwards. The expanded portion of the infra-clavicular is 
also shorter than in the larger species, but the same slender process 
is sent backwards and upwards from its posterior superior angle. 
The pectoral fin is subacutely lobate. The scales are thicker than 
those of R. Hibbertt. The exposed area of the external surface is 
marked with short, interrupted, wavy, reticulating ridges, whose 
direction is mainly parallel with the posterior border of the scale ; 
in the interval between these, more delicate ridges are seen radiating 
from the centre. It is apparently on a scale of this species that Dr — 
Young has founded his description of those of R. Hibbert. 
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R. ornatus occurs in the Calciferous Sandstone series of Scotland, 
as at Burdiehouse in Mid-Lothian, and Pittenweem in Fifeshire ; but 
it is especially abundant in the blackband ironstone of the Lower Car- 
boniferous Limestone group at Gilmerton, above which horizon it has 
not yet been discovered. 


2. On the Anatomy of a recent species of Polyodon, the 
Polyodon gladius (Martens), taken from the river Yang- 
tsze-Kiang, 450 miles above Woosung. Part III., being 
its Viscera of Organic Life. By P. D. Handyside, M.D. 


The author proceeded with his anatomical description of the 
respiratory, circulatory, and ‘pneumatic systems in this remarkable 
fish ; referring to the differences that exist in the male, the female, 
the young, and the adult specimens. He also shortly noticed the 
alimentary and other viscera of Organic life. | 

Dr Handyside illustrated his paper by 24 additional drawings 
—including 7 microscopic views—of structure in this fish. 

The fourth and last part of Dr Handyside’s paper will consist of 
a description of the articular system and the endo-skeleton of the 
Polyodon gladius. f 


3 A Mechanical Illustration of the Vibrations of a Triad of 
Columnar Vortices. By Sir William Thomson. 


4. Fourth Report of Boulder Committee, with Remarks. 
_ By D. Milne Home, Esq. 


Since the last Report was drawn out and laid before the Society, 
the Convener has had an opportunity of inspecting a considerable 
number of boulders not mentioned in previous Reports. Some 
of these are interesting, on account not only of size, but also of 
shape, marks on them, and position. The Committee consider 
that advantage will result from a special description of these, 
and from woodcuts of a few. | e 
_ The cases have been arranged, as in previous Reports, according 
to counties, to indicate the geographical position of the boulders, 


and enable persons desirous of inspecting them, to know where to 
find them. | 
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His Grace the Duke of Argyll, at the meeting of the British As- 

— sociation in Glasgow in 1876, was pleased to allude in complimentary 

terms to the researches of the Committee, and to express a hope that 

_ a condensed abstract of all the boulders reported on, might ultimately 

be framed. The suggestion will receive the consideration of the 
Committee. 


ARGYLLSHIRE. 


1. Glenelg.—Blocks of grey and red granite occur in the drift- 
beds through which the river Elg has cut. The rocks of this dis- 
trict are not granite, but clay schists. 

On the right side of the valley of the Elg, immediately above the 
road, about 24 miles east of Glenelg, there is a grey granite 
boulder, 21x 18x10 feet, as shown on figs. 1 and 2, Plate I. 
The sharp end points N.N.W. Its height above the road is 1020 
feet, above the sea 1120 feet. 

It goes by the name of the Macrae Boulder, in consequence of a 
prophecy by a Mackenzie of Kintail, that some day, when one of 
the clan Macrae is travelling on the road below, it will fall and 
crush him. 

The boulder is on the very edge of a shelf of the hill, and pro- 
jects beyond it about 6 feet, as shown in figs. 1 and 2, Plate I. 

The rocks on which it lies are clay-stone schists. The boulder 
must therefore have been brought to its present position. It is 
said that on a hill some distance to the west there is a granite rock 
similar to that of the boulder. By what means, and how the 
boulder was deposited in its present precarious position, it is difficult 
toexplain. Possibly, when deposited, there was no steep cliff, at the 
edge of which it now projects. The whole valley may have been 
filled with detritus up to the level of 1100 feet, and thereafter 
scooped out by the river, as the sea, in falling from one level to 
another, gave to the river more cutting power. This process of 
scooping might have continued for such length of time, that the 
cliff thereby formed at length reached the boulder. 

9. In Glen Rossdale (about 8 miles from Glenelg), at a height of 

about 900 feet above the sea, there is a boulder of coarse red 

- granite, 5 x 44 x 3 feet, on the top of a narrow ridge of hypersthene 
rock, as shown on fig. 3, Plate IL., on the left side of valley. 
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Its position also is precarious, and suggests a doubt whether, 


when brought here, it could have been deposited on the precise _ 


point where it now stands. There was nothing to indicate the 
- direction from which the boulder had come. — 3 

3. There is another boulder on the right side of the valley, about 
820 feet above the sea, 12x 15x 7 feet, fig. 4, Plate I. 

It lies on a shelf near the ridge of a hill, and close to a slope 
of the hill which rises up from the boulder, and facing the 
N.W. The spot suggested the idea that the boulder had been 
brought from the N.W., and that this hill stopped its further 
progress. There is towards the N.W. an opening among the hills 
through which it might have been floated towards its present site. 

4, A little lower down the valley (Rossdale), and on the same 
side, at a height of about 630 feet: above the sea, there is a rocky 
knoll somewhat flat on the top, and presenting an area of about 
8 or 9 yards in diameter, on which are five or six boulders lying 
pretty close together, as shown on fig. 5, Plate I. The boulders are 
granite, the knoll is mica schist. 

5. Ata still lower part of the glen there is a oe hill sloping 
down to the river. Near the top of this hill, and on the very edge 
overhanging the river, a boulder rests at a height of 300 feet — 
above the river. The boulder is of granite, about 20 feet in 
diameter. It rests on mica slate rocks, which form a smooth surface 
sloping down towards the river at an angle of about 30°. Its posi- 
tion indicates transport from the north, as the land there is low 
enough to have allowed it to be floated over, whilst high hills to 
the south exclude that direction. 

In the val’ -s where these boulders lie, there are some remark- 
able terraces. They were made known to the Convener by 
Captain Burke, R.E., two years ago, when he was still at the 
head of the Scotch Ordnance Survey. The surveyors employed in 
drawing the contour lines for the maps were struck by the hori- 
zontality and continuity of the terraces. Captain Burke was 
so obliging as to draw on the Convener’ map lines to indicate 
their position. As these terraces suggest important views bearing 
on the position of the boulders, and their mode of transport, it 
seems not irrelevant to record the notes supplied by Captain Burke 
and give a copy of the map, to show where the terraces are. 
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Before, however, describing these higher terraces, it may be right to 
refer to certain flats at the mouths of the valleys near the sea. 

The town and village of Glenelg are situated on a flat which 
prevails all along the Scotch coasts, about 11 or 12 feet above high- 
water mark. Between Glenelg and Glenbeg the base of some 
high rocky cliffs is at the same level. 

Mr Fraser, schoolmaster at Glenelg, having learned that the. 
Convener was desirous of seeing examples of flat land, conducted 
him to the following spots :— 

(1.) At Glenbernera, about half a mile to the north of Glenelg, 
there is a well-defined flat, about 44 or 45 feet above high water. 
A corresponding flat occurs at many other parts of the coast. 

(2.) Behind and above the new schoolhouse at Glenelg, there is a 
considerable extent of flat land, at a height of 72 feet above high ~ 
water. On the opposite, 2.¢., the south side of the valley, which is 
half a mile distant, there is a flat at exactly the same height, 
judging by the spirit-level. The river has cut through this “flat. 
Its original formation cannot be ascribed to river action. 

‘Beyond the manse and church, soe is another extensive flat, 
88 feet above the sea. : 

In a higher part of the valley, there are terraces on a smaller 
scale. If they slope with the river, as they seem to do, they pro- 
bably had been formed by the river, when it ran at a higher level, 
that is, when the sea also stood at a higher level than now. 

Near the mouth of Glenbeg, about a mile from the sea, there 
| is a great mass of detritus, through which the river Beg has cut — 
its channel. There is a flat here also on each side of the river, the 
level of which is about 120 feet above high water. 

Fig. 6, Plate I. is (from memory) a plan of this valley. The parts 
marked a, a, &c., are patches of detritus, the tops of which are all 
| on the same level, or very nearly so, viz., 50 feet above the sea. 

: The whole valley apparently had been filled with detritus, when 
the sea stood at least 150 or 200 feet above its present level. As 
the sea retired, channels were cut in the detritus, not only by the 
main stream now occupying the valley, but by the numerous and 
rapid side streams from the steep mountains which enclose the valley 
on both sides. 

At about 3 miles from the sea, the place in Glen Beg is reached, 
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where Captain Burke states he noticed a horizontal terrace on both 
sides of the river, at a height of 330 feet above the sea. It is 
marked (A) on plan, fig. 7, Plate II. 

The Convener recognised a terrace on the right bank at 338 feet, but 
he could see none on the opposite or left bank. At a little distance 
farther up, there are on the left bank gravel knolls at a somewhat 
higher level. At this place, the channel of the river is about 40 feet 
below the terrace, and is of rock, which has of ¢ course prevented 
any deeper cutting of the drift beds. , 

At the junction between Glen Beg and Glen Rossdale (B) i in the 
plan, there are very large knolls of detritus with flattened tops. 

From the highest of these knolls, the Convener, on looking across 
the valley in a direction by compass E. by N., descried a terrace, con- 
tinuous for about 80 yards, and apparently beileonil Its position 
is indicated on the plan by five small vertical strokes. When the spirit- 
level was turned in a direction about E. by S., it struck on another 
horizontal terrace, about half a mile distant. All these flats are at 
one height, viz., 528 feet above the sea. 

Higher up Glen Rossdale on the left bank, and at a ne about 
~ 14 mile from (B), there is an extensive flat, which had been marked 
by Captain Burke. He states it at 750 feet above the sea. The 
Convener made it 760 feet. When a person is on the terrace, it is 
not distinctly traceable for more than 300 or 400 yards ; but when 
viewed. from the cpposite side of the valley, at a distance of about 
a quarter of mile, it can be distinctly traced for more than a mile 
continuously ; and at its east end it is seen to cross the ridge which 
divides Glen Beg from Glen Rossdale. 

In a higher part of Glen Rossdale, and still on the left side of 
the glen, the Convener observed traces of a shelf at 853 feet, with a 
steep slope or bank below it of about 30 feet in height. The Ord- 


nance surveyors observed traces of a horizontal terrace still higher, 


viz., at 1500 feet above the sea, The Convener, looking in that 
direction, observed, at a distance of about 3 miles, something like a 
horizontal line running for nearly a mile continuously at what might 
be about that height. 

On the plan, Captain Burke indicates as existing in adjoining 
glens, traces of the 330 feet terrace by the cypher 0. ‘These glens 
the Convener had not time to visit. 
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He has also put a X at the head of three several glens to indicate 
that at these places, and at a height of 750 feet, there are gravel heaps. 

Some quotations may be made from Captain Burke’s letter, dated 
25th August 1876 :— 

“T was up Glenelg yesterday. There is evidence of the sea havin g 
~ stood at more than one height, considerably above its present level. 
| ‘The only terrace of any consequence is in Glen Rossdale. It is 
avout 300 yards in length. I[t has nothing in the least es 
Glen Roy. 

‘T will now answer your questions :— 


1.—Height above the sea— 
(1) Principal terrace, about 750 feet. 
(2) Another, very doubtful, . . 520 ,, 
(3) Some rather more apparent, . 330 ,, 


“This terrace, at the head of Glen Beg, affords strong evidence of a 
beach, such as now exists in all sea lochs hereabouts. Beds of 
gravel at 330 feet are cut through by the stream running through 
the valley. 

“On crossing the high neck, 450 feet above the sea, and 
descending into Glenmore, similar beds were found at the head of 
that valley, at the same altitude. 

“The spot marked in my sketch m1 at 530 feet is very doubtful. 

“The 750 feet terrace is visible in patches in Glenbeg and Glen 

- Rossdale. I tried to trace it down Glenmore, for I have no doubt 
the land between these glens was once an island. But, although I 
fancied I found a mound sometimes, it can’t be traced. 

“The longest vestige of a terrace which I saw, is in Glen Rossdale, 
viz., about 300 yards ; for the rest, there is only a mound here and 
there on the hill side. 

“ Ag to the width of the terraces, the greatest I saw is about ” 
yards, 

“ You ask how high up these hills is sand and gravel found ? ' 
saw appearance of gravel at over 1200 feet. There are gravel heaps 
at 750 feet at the heads of the valleys marked X, at the spots one 
would expect to find them, and also at ©, apparently washed when 

the country was under water, and since cut through by the streams 
in the valleys, In fact, all the appearance is as if these valleys 
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were once sea lochs, just as are Lochs Nevis and Hourn at the 
present day. These marks are frequent throughout the Highlands. 
I have seen similar gravel-beds along streams in several other glens. 

“Whether it will be decided to survey the shelf, I cannot say, 
But there is nothing definite except the bit in Glen Rossdale; and 
a surveyor would not find it easy, when on the hillside, to know 
what mounds he should show, unless he had previously run a 
contour at the required height. 

“T have made two sketches, one of Glenbeg hickine east, another 
of Glen Rossdale looking west, which I shall be happy to show 
you.” | 

With reference to these last remarks by Captain Burke, it occurs 
to the Committee to express an opinion that, when the Ordnance 
surveyors discover on the hill sides terraces of the kind referred to, 
there should be some record given of them on the maps, accom- 
panied by a contour line at the same level along the adjoining hills, 
so that it might be seen whether there are separate patches of 
- gravel elsewhere at the same height. It is also desirable that when 
the officer at the head of the Survey verifies what the surveyors have 
found, and makes sketches of the terraces, these sketches should be 

given with the maps when published. _ 
In walking down Glen Rossdale valley, on the right bank, the 
Convener fell in with a large mass of detritus, cut up into a series 
of knolls by the action of streamsandrain. The height of these knolls 
above the sea was on an average 858 feet—agreeing pretty nearly 
with the level of the shelf already noticed as existing on the oppo- 
site side of the valley. 

These remains of gravel in Glen Rossdale and the adjoining gions, 
looking to the height and the form in which they occur, seem 
conclusive as to the occupation of these valleys by the sea; and they 
confirm the inference derived from the position of the boulders, that 
the boulders were probably floated into these positicns. 

The Convener was at first puzzled. to account for the circumstance 
that most of the large boulders which he saw in these valleys were 
not upon drift, but upon bare rock ; and in many other parts of the 
country, the same thing occurs. If these boulders were floated by 
ice and thrown down, they must most generally have fallen upon the 

detrital beds then forming the sea-bottom, and not upon bare 
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rocks. When the sea retired, the boulders would then be on the | 
drift, or buried in it. But when the streams from the hill sides 
began to flow and to remove the drift, the boulders would sink until 
rock was reached by them, where, of course, they would remain. 
The denudation of the old sea-bottoms has been everywhere so exten- 
sive, that very probably most of the boulders now existing are not 
in precisely the exact positions which they occupied when originally 

deposited. 

6. In the Pass of Brander, where the River Awe flows out of 
the lake of the same name, there are several boulders deserving 
notice. 

On the right bank of the river, near the spot where there is a 
pier for the small lake steamer, there are two terraces on drift. 
Both terraces have boulders on them. The boulders are of reddish 
granite. The rocks in the Pass are a slaty schistose ruck like 
greywacke. The boulders have apparently come from some distant 
region, as the granite of the Loch Etive hills is not red, but almost 
entirely grey in colour. | 

The height of Loch Awe above the sea is (by Ordnance Survey) 
110 feet. The lowest terrace is 68 feet, the higher terrace about 
120 feet above the loch. 

Both terraces appear to be horizontal. They can be traced for 
nearly a mile continuously. oa 

On the opposite or left bank of the river no corresponding 
terraces are distinguishable. That side of the valley consists of 
nearly bare rock, and is almost vertical, so that there cannot be 
expected to be on it any trace of a beach line. 

Have these terraces in the Pass of Brander been formed by a lake 
or by the sea? In a lower part of the valley there is a large amount 
of detritus, and it reaches at some places to a higher level than the 
terraces. The valley in that lower part is narrow, so that there 
might have been a blockage for a lake. On the other hand; 
how can the granite boulders be accounted for which are on the 
terraces? If, as seems most probable, they have come from the 
‘north, they must have been floated by ice on a current flowing 
from the N.N.W. | | 

7. Inveraray.—His Grace the Duke of Argyll (Nov. 1876) con- 
ducted the Convener to a small hill, about 1000 feet above the sea, 
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at a place called “ Brae Leckan,” 7 miles west of Inveraray, well 
covered with angular boulders. The boulders were of the same 
nature as the rocks of the hill—a dark grey porphyry. But the 
boulders had evidently been transported to the hill from some other 
place, there being no cliff from which they could have fallen. 
The Duke thought they had been floated from the eastward, and in 
that direction certainly the land was lower than in any other 
direction. But the Convener observed that towards the west there 
was an opening among the hills low enough and wide enough for 
a current to have flowed to and over the hill on which a boulders 
rested. 

8. A few miles to the north of Inveraray there are some huge 
boulders of a coarse conglomerate, quite distinct from any of the 
rocks in the immediate neighbourhood. The rock of these boulders — 
is a greenish or grey coloured Silurian rock full of quartz pebbles. 
One of these conglomerate boulders, weighing about 60 tons, is on 
flat ground about 800 feet above the sea, and resting on gravel. 
Another, 10x 93x 74 feet (weighing about 48 tons), is on the 
left bank of the River Arey, and about 180 feet above the sea. 

_ The gamekeeper, who pointed out these boulders, said that there 
was no rock of the kind composing them, except at a place about 6 
miles due west. Between that spot and the sites of the boulders 
there were several ranges of hills and valleys. 

When the subject was mentioned to the Duke of Argyll, he corro- 
-+borated the gamekeeper’s statement. He informed the Convener, 
that there is conglomerate rock, of the same character as that of 
the boulders, on the summit or ridge between Loch Awe and 
Loch Fine, which lies to the north-west of the boulders. 

On the tops of several of the hills to the north-west of Inveraray, 
about 700 feet above the sea, boulders were noticed where it was 
manifest, from their peculiar position, that they could have got into 
it only by coming from the west. Sketches of these were taken. 

9. Oban and Neighbourhood.—(1.) At Dunolly, close to the sea 
shore, there js.a grey granite boulder 12x 8x6 feet. It is about 
20 feet above high water, and rests on an old sea beach. Its 
longer diameter points W. by N. 

The nearest rocks of grey granite are in Loch Etive, situated to — 
the eastward. There are ranges of hills between Loch Etive and the 
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site of the boulder. Moreover, the boulder is close to the foot 
of a high rocky cliff, which being on the east side of the boulder, 
must have prevented the boulder reaching its site, except by trans- 
port from the westward,—probably the north-west, as the island 
of Kerrera is situated to the west and south-west, and would pre- | 
vent the boulder coming from that direction. | 

The Convener was accompanied by a gentleman resident in the 
neighbourhood (Mr Clerk), well acquainted with the Loch Etive 
granite, who expressed doubts whether the — of this boulder 
was of a similar composition. 

(2.) The north part of Kerrera Island is strewed with numerous 
grey granite boulders, all well rounded. Most of them are on the 
beach, and on the old terraces adjoining the beach. There are some 
also, on Ballimore Farm, at heights of from 357 to 437 feet above the 
sea, on short terraces or flats of detritus facing the east and north-east. 

In these cases there would be less obstruction to a transport from 
Loch Etive than in the case of the Dunolly boulder, but the range 
of hills near Glenlonan, reaching heights of from 500 to 1500 feet, 
still presents a difficulty. 

If the Dunolly boulder came from a northern soures, the Kerrera 
boulders probably came from the same quarter. 

(3.) On the hills to the east and north-east of Oban, oe are 
numerous boulders, chiefly of granite, whose position does not 
suggest one direction more than any other. 

The rocks of these hills being clay slate, the boulders on them 
must have been transported from some distant quarter. } 
The granite is grey of different varieties, and very like the Loch 
Etive granite. But there are others, with large crystals of quartz 
and felspar, which betoken some other source. 

One of this kind is on a hill to the south of the old public road 
between Oban and Loch Etive, at a height of 530 feet above the 
sea. It is extremely angular, and rests on a bare rock of the hill. 
This position would most easily have been obtained by floating ice. 

Besides these granite boulders there are some of dark porphyry 
and of quartzite, which most probably come from the north. 

This conclusion is somewhat strengthened by the circumstance 
that in this district, where the rocks are smoothed and striated, the 


surface of the rocks slopes down towards and faces the north, and 
VOL, IX, 4 T 
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the strie run north and south, Examples occur on the old public 
road. before-mentioned. 

(4.) An angular boulder of grey granite, 114 x 7} x 7 feet, occurs 
at Inverlievern, on Loch Etive, above Bonawe Ferry. This boulder 
rests on three or four smaller granite boulders, and these again on 
bare granite rock. There is no hill from which it could have 
fallen. It must have been transported. A sketch was taken. 

It rests on the 40 feet old sea-margin, which is visible round 
the greater part of Loch Etive. 

_ (5.) The Convener was informed of two very large boulders in the 
district between Loch Etive and Glen Lonan, at places called Auch- 
nacoshen and Duntarnichan. But he was unable to reach them. _ 

10. Fasnacloich on Loch Creran.—Captain Bedford, R.N., wrote 
to the Convener, calling his attention to a large boulder which he 
had seen when surveying for the Admiralty. He sent a description 
of it, and mentioned that its average girth was 30 feet. | 
_ The Convener discovered the boulder. It had recently been 
blown up into four or five fragments, with a view to being used 
for building a bridge. But they were found unsuited for the 
purpose, being too hard for masons’ tools. The rock consisted of a 
dark porphyry, with which the Convener was unacquainted. 

Mr Hall, the tenant of the farm of Fasnacloich, on which Captain 
Bedford’s boulder was situated, conducted the Convener to a spot, 
about a mile higher up the glen, where there were multitudes of much 
larger boulders of the same species of rock. The spot proved to be a 
mass of detritus, consisting of water-borne gravel, forming a sort of 
terrace abutting against the hill, which forms the north-east side of 
Glen Creran. This terrace is covered by numerous boulders, some of 
very large size, A view of one of them is given in fig. 8, Plate I. 

This boulder has the Celtic name of “ Fas-na-cloich,” or “ Fas- 
na-clach,” which means “ stone with growth,”—referring to three 
trees growing on it, two on the top being firs (each about 15 feet 
high),—one at the side, a stunted oak, The name of the farm 
occupied by Mr Hall, and of the residence of the proprietor, Captain 
Stewart, is Fasnacloich, so-called, most probably, after the boulder. 

The boulder with the three trees on itis about 25 yards in girth ; 
its length is 23 feet, its width 15, and its height, in so far as visible 
above ground, is 15 feet. | 
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Another boulder, a few hundred yards to the south, measured 
(above ground) 18 x 18 x 12 feet. 
It deserves notice that the sharpest end of each boulder points in | 
the same direction—viz., about (magn.)—7.c., towards the 
mouth of Loch Creran. 


The terrace on which these boulders lie, is about 290 feet above 
the sea. 

Hall mantioned that, in a higher part of Glen Creran, the 
boulders are more numerous, and some of them larger than the two 
examined. 

All the boulders appeared to be of the same species of rock. Hall, 
who evidently had some practical knowledge of rocks, called it a 
black granite, and affirmed that there was no granite like it in all 
that district. The rocks of the mountain on the opposite, or south 
side, of Loch Creran, rising steeply to a height of above 2000 feet, he 
_ knew were a grey granite. The Loch Etive granite, about four miles 
to the south, and the Durra granite, about eight miles to the east, 
being of a light grey colour, he had always wondered where these 
dark coloured boulders could have come from. | 

The rocks in Loch Creran, and in the hills immediately adjoining, 
are a blue schistose clay slate, with a rapid dip. 

One or two other points may here be noted, communicated by 
Hall 

A small river runs into Loch Creran, at its head, foning out of a 
small fresh-water lake, which is separated from the sea by a spit of 
gravel and sand, crossing the valley, and cut through by the river. 
The sand, Hall stated, is full of sea-shells, and so is the bed of the 
lake, and even the channel of the river before reaching the lake. In 
this last-mentioned river, the shells are in a bed of fine clay—whitish 
in colour, which is used as a manure for arable land. In fact, it is 
this bed of shell clay which originated the name “C7er-an,” i.e, 
“ Clay,” or © Chalk River.” | 

These facts indicate, of course, a period when the sea stood at 
a higher level—to the extent of at least 20 feet, which is about the 
height of the shelly bed above mentioned. When the sea fell to 
its present level, a blockage of drift, now between the sea and 

the lake, caused the lake to be formed, with an overflow by the 
river, which runs out of the lake into the sea. There are several 


£ 
f 
a 

§ 

| 

i 

| 

~ 


Proceedings of the Royal Society 


other places in the West Highlands where there are fresh-water 
lakes close to the sea, formed in like manner. 

With regard to the boulders, it occurred to the Convener, judging 
from their locality and their position, that they had probably been 
floated up Loch Creran, and been then stopped in their further pro- 
gress by the contraction of the valley and the higher level of the land. 

But if they were floated up Loch Creran, from what quarter did 
they come? It was natural to look to places facing the mouth of 
Loch Creran, if in these places there were mountains composed of 
rocks similar in composition to the boulders. The island of Mull, 
situated to the W.S.W. of Loch Creran, seemed therefore to be one 
locality which might have supplied the boulders, as from Mr Judd’s 
instructive paper on Mull,* describing numerous varieties of granite 
in the mountains of that island, it appeared likely that rocks of 
the same character as the Fasnacloich boulders existed there. With 
the view of testing this idea, the Convener sent specimens of 
the boulders to Professor Judd, who he heard had, during the 
past autumn, spent three months among the Mull mountains, 
and asked him to state whether he recognised the rock composing 
these boulders as being identical with, or at all events similar to, 
any of the Mull rocks? Professor J udd ¥ was so obliging as to respond 
to the application. 

With the Fasnacloich specimens, there went to Professor J add 
specimens of the rock composing two very large boulders on the 
shore at Appin, which rock the Convener found on examination 
to be the same as that of the Fasnacloich boulders. These Appin 
boulders lie on upturned blue clay slate rocks. Their shape indi-— 
cated that they had undergone great friction, in consequence pro- — 
bably of being rolled over the sea-bottom by icebergs floating through 
what was then a sea strait, but now the Linnhe Loch, and the 
chain of lakes forming the Caledonian Canal. Sketches of these 
Appin boulders were taken. The largest is 15x 11x10 feet. Both 
- boulders are well rounded at the angles, | 
Professor Judd’s Report is in the following terms :— 

“Appin Boulders, No. 1.—This rock is not a granite, but a rock of 
basic composition. It appears to be a gabbro with some black mica. 
— It is very similar in character to the gabbro of Skye, Rum, Ardna- 


* See ‘‘Geolog. Society’s Trans. ” 
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murchan, and Mull, which are described in my paper. I think 
there is no room to doubt it was derived from one of these localities 
—the rock is so peculiar and well characterised. 

“‘ Fasnacloich Boulders, Nos. 2, 3, 4, are very ordinary gabbros, 
such as form great mountain masses in Skye, Ardnamurchan, and 
Mull. These rocks are of a striking character, and differ from any 
which I know of on the mainland. I think it is certain, they were 
derived from the Western Isles.” 

Professor Judd, in his paper on the ancient volcanoes of Mull, 
Skye, and Ardnamurchan, refers to proofs that these volcanoes 
reached a greater height above the sea-level than any of the 
existing Scotch mountains, perhaps even to the height of 14,500 
feet,* and that “ denudation” had acted to an enormous extent in 
breaking up the old volcanic rocks and lowering their height. 
Professor Judd does not particularly specify the nature of the 
denuding agent which he supposed produced this effect. But if the 
sea with ice floating in it, at a height of say 2000 or 3000 feet above 
‘the present level, be allowed to be a denuding agent, it is easy to 
see how the boulders of Appin and Fasnacloich, if derived from Mull - 
or Ardnamurchan, might have reached their present positions. 

The distance of Appin and Fasnacloich from Mull and Ardna- 
murchan is about 30 miles. The intervening sea has in some 
places a depth of 100 fathoms. The island of Lismore, which is 
in this part of the Linnhe Loch, at one spot only reaches a height 
of 420 feet. A sea current flowing across Mull and Ardnamurchan, 
towards and through what is now known as “Glen na Albin,” with 
mountains on each side of the Glen reaching to 2000 feet above the 
present sea-level, might, by floating ice, have carried boulders and 
lodged them in lateral valleys, such as Loch Creran. 

11. Crinan Canal.—At the summit level, about half-way between 
the two exiremes, there is a large accumulation of boulders, chiefly 
_ angular in shape. On the west side of the canal at the “Jocks,” a 
body of rock stands up, whose surfaces facing the north present 
marks of abrasion as if caused by some body or bodies passing over 
from the north. On the south side of this rocky knoll, lie a num- 
ber of boulders which, if they came from the north on floating ice,. 
may have been projected over the | knoll by its intercepting the ice 

* Quarterly Journal of the Geological Society for August 1874, page 259. 
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in its farther progress through this kyle or sea channel. One of 
the largest of the boulders is lying with its longer axis N. and §., 
or parallel with the general axis of the valley at this point. 
These conditions would be met by the sea standing at a height of 
from 140 to 150 feet above the present level. On both sides of 
the valley here there are horizontal lines traceable at that height, 
as if made by the sea. 

12. Island of Islay.—The Convener, in August 1877, paid a visit 
to this island, for the purpose chiefly of examining the famed raised 
sea beaches on the adjoining island of Jura, and also of inspecting 
some boulders of which notice had been sent to him. 

(1.) On the farm of Lossit, about three miles south of Port Askaig, 
there are four or five boulders of large size. Only two were seen. 

One of these, 13 x 8 x 8 feet, is a composite rock containing 
crystals of quartz, augite, and hornblende. The stone is ex- 
tremely hard; it was with much difficulty that a small specimen 
was detached. The boulder was resting on a bed of bright yellow 
clay, apparently a sediment of deep water. The rocks of the district 
are a slaty schist. On inquiry, it was surmised that rock of a 
similar kind existed near Kildalton, about 20 miles to the S.E. 
But doubt exists on this point. 

The other boulder, scarcely so large as the foregoing, resembled a 
compact Silurian rock, — numerous crystals of a whitish 
felspar. 

There was nothing to indicate how or from what quarter these 
boulders came. Their height above the sea was about 300 feet. 

(2.) On the farm of Arnahoo, about three miles north of Port 
Askaig, and 228 feet above the sea, a boulder stands conspicuously 
on the summit of a hill in a position most precarious (fig. 8, 
Plate III.). The rock composing the boulder is a hard porphyry, 
quite different from the rocks of the hill on which it rests. Its 
height above the sea is 228 feet, and the hill itself is about 300 
yards from the sea, towards which it slopes very steeply. 

The boulder is not absolutely on the highest peak of the hill, 
but a few feet below the peak, and on the slope which faces north 
by east (magn.). The only way in which the boulder could 
have stuck on this slope was by its coming right against it, and 
being let down on it gently, 7.¢., without falling from a height. It 
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must have come in a direction from N. by E. If floating ice 
brought it—and no other way is here conceivable—from the south, 
the boulder could not have reached its present position. It would 
have stuck on the south side of the hill. It could not have reached 
its position by a somersault over the hill top, for the impetus 
acquired by its fall would have projected it down the hill altogether. — 
As bearing on the direction from which this boulder may have come, - | 
it is proper to add that towards the north-west there is a range of hills, 
apparently much higher than 300 feet, whilst towards the north and 
north-east it is open sea, and the island of Mull is in that direction. 
(3.) On the farm of Persibus (occupied by Mr Rounsfell), about 
three miles 8. W. of Port Askaig, four or five boulders, well rounded, 
occur, and were seen. They are all of a hard porphyritic rock, 
differing from any of the Islay rocks. Their height above the sea 
was found to be about 228 feet. 
| With regard to the probable line of transport to their silos: 
it may be noticed that towards N. by E. there is an opening or 
depressed part of the country, through waich the boulders might 
have been floated to their sites. 
Mr Rounsfell pointed out a very large boulder situated on a hill © 
slope to the north, about two miles distant, which, however, the 
Convener was unable to visit. But Mr Ballingall, factor on the 
Islay estate, has had the kindness to examine the boulder, at the 
request of the Convener, and he reports as follows:—“Girth, 33} feet; 
height, 11 feet ; length, 12 feet; breadth, 18 feet. It lies on clay slate 
rocks, and is all exposed to view. Its thickest end faces S.W. Its 
height above the sea is 410 feet.” Mr Ballingall has sent with his 
letter a small chip of the boulder. It proves to be an igneous rock, 
with much hornblende. It has probably come from some northern 
region. The weight of the boulder Mr Ballingal estimates at 25 tons. 
(4.) On the south side of the high road between Bridgend and 
Port Helen a boulder rests at the foot of a low hill which faces 
about due north. The boulder is tolerably well rounded, and about 
7 feet in diameter. It is a stranger to this district. Most probably 
it came from the north like the rest, and was in its farther progress 
intercepted by the hill at the base of which it lies, Its height above 
the sea is about 50 feet. (See fig. 10, Plate ITI.) 
(5.) On the west coast of Islay, in the parish of Kilcheran, 
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there are porphyritic boulders lying on the blue slate rocks, and so 
situated as to make it clear, that they have been brought and lodged 
there by some agency from the N.W. 

Below the old parish church of Kilcheran a small stream joins 
the sea through a valley in a direction W.N.W. (magn.). The 
rocks on the south bank of the stream are ground down and 
striated in such a way as to show that some force has passed 
obliquely across the valley from N.W. 

In regard to these Islay boulders, it is very apparent that they 
have all come from the north—some of them very probably from 
Mull. It is also rather remarkable that the largest should occupy 
sites very nearly on the same level, viz. 228 feet above the sea, 
a circumstance suggesting the same means of transport. As bearing 
on this last point, it may be observed, that on various parts of the 
Scotch coasts there are traces of old sea-beaches, at heights between 
250 and 500 feet above the present sea-level. 

13. On the Peninsula situated between the Firth of Clyde (on the 
east side), and Loch Striven (on the west ee there are several 
boulders of some interest. 

(1.) At Dunoon and Kirn there are boulders of a micaceous 
sandstone rock, all well rounded, lying on the edges of the blue 
slate rocks which form the beach. One has had painted on it 
the words “ Jim Crow,” being 15x8x6 feet; another, the words 
© John Bull,” 15 x 12 x 6 feet. 

It was stated to the Convener by a local correspondent, that rock 
of the same nature as in these boulders occurs in the Holy Loch, 
situated about a mile to the north-west. 

Two of the boulders on this part of the beach are so fixed as to 
- Indicate from what quarter they must have come into their present 
position, viz, from the North. Sketches of these were teken. 

(2.) Along the shore towards Innellan there are numerous boulders 
differing from the rocks on which they lie. Some of these rocks 
show surfaces smoothed and striated, the strie running north-east — 
and south-west—-a direction parallel with the general line of coast. 
Some local agency has, therefore, probably been at work here. 

(3.) On the east shore of Loch Striven lies the large, well-rounded 
boulder, called “ Craig na Calleach,” or “ Stone of the. Witch” —the 
‘ legend being that in former times, the witches inhabiting both 
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banks of the loch, threw these great stones at one another, It is 
said that on the west bank of the loch, near Strome Point, and 
almost immediately opposite to “Craig na Calleach,” there is a 
boulder of about the same size—which, however, the Convener was. 
unable to go in search of. “Craig na Calleach” is a compact schist 
of a light grey colour, with thick nodules of quartz in it. The 
rocks of the beach on which the boulder lies are a slaty schist of a 
greenish blue colour. A sketch was taken. 

(4.) On the farm of Ach-na-foud, situated about a mile from 
“Craig na Calleach,” there is on the slope of a hill an angular 
boulder. It is at-a height of 222 feet above the sea, and on the 
edge or verge of a precipitous bank. It rests partly on rock, 
and is in a very critical position. If the bank be now in the same 
- condition as when the boulder was deposited, it must have been let 

down very gently or gradually, to avoid receiving an impetus which 
would have caused it to roll down the bank. " A sketch was taken. 


BERWICKSHIRE. 


In the parish of Dunse the boulder clay has lately been cut t through 
for some hundred yards to make a new road, and to a depth of 8 or 
10 feet below the surface of the boulder clay. Beds of gravel and 
sand lie over the boulder clay, in some places to the thickness of 12 
feet. On an inspection by the Convener (November 1877), in com- 
pany with Mr Stevenson, Dunse, boulders in the clay were recog- 
nised as having all come from the west, chiefly W. by N. The 
Kyles Hill and Dirrington Hills porphyries were among these ; the 
former is three miles W. by N., the latter six miles W.N.W. 
There were also sandstones with fossils, which Mr Stevenson 
knew to have come from a sandstone rock a few hundred yards to 
the westward, and which he pointed out to the Convener. The 
fossils were the ordinary plants of the coal formation, and an 
annelid. 


DUMBARTONSHIRE. 


1. Loch Lomond. = large Mica schist boulder i to the 
Committee by Mr Jack, and mentioned in the Committee’s Second 
Report (Roy. Soc. Proc. for 1872-73, p. 152), was visited by the 


Convener, in company with Mr Smollett of Cameron House. Its 
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provincial name is “ Kerstone Galloch,” it is situated on the farm of 
Callendoon, and is about 150 feet above the sea. Its length is 28° 
feet; width 19 feet; depth 12 feet. 

It is shown on fig. 11, Plate IIL, with Mr M‘Arthur, tenant of 
the farm, standing on it. 

Originally, the boulder had been in a somewhat higher position. 
A small stream running past the boulder at its east side had washed 
away part of the gravel bed on which it had been resting,—so allow- 
ing it to sink. . 

- With reference to the quarter from which this boulder was tome. | 
ported, Mr Jack suggested that if it came from the west, it must have 
come over hills from 1000 to 1200 feet high; and therefore he thought — 
it more probable that it had been floated south down the valley now — 
occupied by Loch Lomond, and then floated west up Glen Fruin. 

It appeared to the Convener, that the line of transport was more 
likely from the westward. The land towards W. by N. (true), is 
on about the same level as the land to the north-east, as shown by 
the contour lines on the Ordnance maps of the district. If the 
boulder came from the westward, there would be no obstruction to 
its progress in a direct line; whereas, if it came from the north 
end of Loch Lomond valley, as suggested by Mr Jack, it must have 
changed its course to reach Callendoon. 

2. On a moor, about half a mile to the north east of the above 
boulder, there are several smaller boulders of mica schist, of the 
shapes and sizes shown on fig. 12, Plate III. 

It will be observed that they all occupy similar positions in respect 
of their longer axis, and their sharpest end. Their height above the 
sca is about 250 feet. The rocks of this district are Old Red Sand- 

stone. There is much probability that these boulders had been left 
here by floating ice, in a current flowing from the westward; and 
that they acquired their bearings from the action of the current. 

3. On the west side of Loch Lomond there is at Arden a low 
valley, which runs up from the Loch in a westerly direction. The 
summit level of this valley towards the west is about 150 feet above 
the sea. 

Along the south side of this valley a number of boulders, chiefly 
of. primitive rocks, have been deposited. They are at a height 
of about 94 feet above the sea, As usual, the most frequent position 
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is here, as elsewhere, N.W. and S.E. for the longer axis, and the 
sharpest end towards the west. es 

4, In the policy of Cameron House a boulder of gneiss, 64 x 5 x 5 
feet, is lying on gravel, and at a height of about 55 feet above the 
lake, or 80 feet above the sea. Its longer axis is N.W. and S.E. 

5. There is a hill called “‘Caer-man,” about 3 miles to the S.W. 
of the south end of Loch Lomond. Its height above the sea is 720 
feet. From its top, a good view is obtained of Helensburgh and 
Greenock towards the 8. W. | 

The rocks on the top of this hill are a coarse porphyry. Huge 
fragments have been strewed in great abundance down the side of 
the hill sloping eastward, and especially S.E. The unmoved rocks 
present their west surfaces rounded and smooth, their east surfaces 
angular and rough. 

On examining the separate blocks where heaped upon one another, | 
it was apparent that the uppermost blocks, to obtain their positions, 
must have been projected on the others from the westward. 


EAST LOTHIAN. 


Linton.—On._ the farm of Drylaw, a greenstone boulder, 54 x 34 
x 3 feet, was found in cutting a deep trench through the boulder clay. 
The N.W. end was the most rounded. The longer diameter was 
N.N.W. (magn). There were no strie on the top, but there were 
horizontal strie on the two sides fronting the N.E. and the 8.W. 
These two sides met in an angle towards the N.W. Ifacurrent had 
flowed from W. by N. the current would divide at the angle; and if 
ice floated in the current, the striz on the two sides might have been 
produced by hard pebbles from the westward pushed against them. 
The smoothing and striation on the north were greater than on the 
south side. Close to the boulder there were pebbles of limestone 
shale, sandstone, and coal, which most probably came from the west- 
ward. The nearest greenstone rocks are on the Garlton hills, situated 
about 6 miles to W. by.N. The boulder, — most probably 
came from these hills. 

About half a mile to south, there are rocks (viz., in Linton vil- 
lage, and in a railway cutting to the west), presenting smoothings 
and striations, made by some agent moving over them from W. 
by N. 
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FIFE. 
1. Isle of May.—There are small Sienitic boulders on west side, 
at sea-level. On the west side there are also smoothed rocks. 
Direction of smoothing agent has been from W. } H. No boulders 
or smoothings are on east side. 

2. In Bogward Den (Mr White Melville’s sebpiitehs 3 miles west 
of St Andrews, there is a boulder of conglomerate rock. Probably | 
it came from Drum Carro Craig, which is said to be same species of 
rock, and situated some miles to N.W. The legend is, that the 
devil threw it from that hill, when the first Protestant church 
was being erected at St Andrews. 

3. At Kineraig, Fife, there is on the beach a granite ‘iahiee 
with girth of 23 feet and height of 4 feet. The lower half is 
angular, the upper half rounded. Has this boulder been floated 
from westward, and been stranded on the rocks at Kincraig? 
Stirling Castle, which is visible, bears W. 4 N. But it probably 
came from a more north-westerly direction. Fragments of this 
Kincraig rock (a trap tuff), have been carried eastward, and were 
found in the cuttings made for the railway 2 miles distant from 
Kincraig point. 

4, At Hlve—Whinstone boulder on beach, 8 x 4 x 24 feet. 
Its longer axis N.W. Strie on boulderrun N.W. 


INVERNESS. 


The Convener having been informed by the officers of the Ord- 
nance Survey that some remarkable horizontal terraces had been 
discovered by them in Glendoe, a valley branching off from Glen 
Morriston, on the north side of the Caledonian Canal, he took the 
opportunity, when paying a visit to Mr Ellice of Invergarry, of going 
to Glendoe. 

Under the abies of two gamekeepers on the property of Mr 
Grant of Invermorrison, who reside at the foot of Glendoe, the 
Convener proceeded to the head of Glendoe, the place indicated in 
his map by the Ordnance Surveyors. 

Unfortunately, a heavy fall of snow had (17 th October 1877) 


occurred during the night preceding this visit, and it continued 
during the expedition. 


. 
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There was at first some difficulty in making the gamekeepers com- 
prehend the spot wished to be reached; and it was not till the 
party had gone some miles up the valley of the Doe, that the 
gamekeepers began to see what was sought for at the head of 
the glen. This was brought about by the Convener drawing atten- 
tion, as he proceeded up the valley, to two lines of a terrace or flat _ 
noticed by him on a hill on the opposite side of the river. On his 
asking the keepers, whether there were similar lines at the head of 
the glen,—-still about 6 miles distant, as they alleged,—the answer 
was, that there were such terraces, and so remarkable, that on one 
occasion, when accompanying a shooting party, some of the gentle- 
‘men remarked, that marks were there of Noah’s flood ! 

The Convener was encouraged by this information, and in spite of 
snow and wind continued his progress up the glen. 

. The keepers stated that the marks to which they referred were on 
“English Hill;” and that though this hill was rocky on some parts, 
there was a great deal of sand and gravel near the top. 

Following up the river Doe, a point was reached where the river 
divided into two branches, and called by a Celtic word meaning 
“Tongue of the Burus.” The portion of the stream towards the right 
has the name of “ Carriscreuch,” or ‘‘ Middle Corry ;” and it was 
along that stream, flowing through what the keepers called “The 
- Long Glen,” that “ English Hill” could best be reached. But the 
snow was here so deep, that no track was visible, and walking be- 
came dangerous, at least to a stranger. , | 

At this point a consultation was held. The height above the sea 
reached was only about 850 feet, whereas the highest terrace marked 
by the Ordnance Surveyors was 1280 feet, and apparently still about 
2 miles further up the glen. 

The gamekeepers’ advice was to abandon any hope of reaching the 
terrace, and to be satisfied with a distant view of the place, which 
could be obtained from a low hill in front. _ | 

This low hill accordingly was ascended, and with satisfactory re-_ 
sults, The hill itself was found to consist, as shown by numerous 
 gcaurs, of fine gravel and sand; and on its flat top, the aneroid © 
showed a height above the sea of 1190 feet. 

This gravel knoll was as it were in an amphitheatre of hills, on 
several of which, towards the west, horizontal terraces were observed, 
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at a somewhat lower level. These appeared to run continuously for 
about a mile. On the opposite side, the hill bearing about east 
showed a short line at the same level. Looking towards “English 
Hill” on the N.E. no terraces were discernible ; the snow, owing to 
the direction of the wind (which was west), was so thick on the slope 
of the hill facing the knoll, that inequalities, if any existed, were 
undiscoverable. But one of the keepers pointed in the direction of 
the part of the hill for the terraces he had before spoken of. The — 
part so pointed out seemed to be about 2 miles distant, and at an 
elevation of about 100 feet above the knoll on which the party were 
then standing. 

The Ordnance Surveyors had snaked on the Gielen! s map two 
lines of terrace, one at 1280 and the other at 1140, as existing on a 
hill on the left side of the Doe water. Though, Sin the circum- 
tances above stated, it was impossible to make out these terraces, 
there was enough discovered to show a line at the lowest of these 
~ levels on the other hills adjoining—and the existence of detritus 
- quite capable of being formed into a terrace at a much higher level. 
One of the keepers stated that on a hill towards the N.W. there 
were beds of gravel and sand to the very top, and without any 
covering of turf. He pointed in the direction of Ben Doe, which 
has an elevation of 2000 feet above the sea. 

The Convener having on his way up Glen Doe observed several 
large boulders on the slope of a hill above him on the left hand, 
resolved to visit them on his way back. So, accompanied by one 
of the keepers, he ascended the hill, and in looking across the valley, 
he discovered four horizontal terraces on the opposite hill, and con- 
tinuous for about half a mile. They were apparently on detritus, 
for at one spot, where a rock projected, there was an interruption. 

The uppermost terrace the aneroid showed to be about 985 feet 
above the sea, the lowest about 895. 

The first of the boulders visited was 919 feet above the sea. Its 
dimensions, roughly measured, were 144 x 114 x 7 feet. It was 
a coarse reddish granite, and very angular. It could not have been 
rolled or pushed. It seemed to bave been carried from its parent 
rock, wherever that was, without undergoing any change of form. 
It was resting on gravel and sand. 

The next boulder reached was at a height of 1204 feet above the 
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sea. Italso wasa coarse red granite. It was about 30 yards in girth, — 
and 14 or 15 feet in height. It is known as “The Glen Morrison 
Stone,” probably because of being the largest boulder in the glen. 

This boulder is on a flat, and in looking across the valley, a 
terrace is seen which corresponds in level with the boulder. | 

In several parts of the hill the boulders were in clusters or groups, 
piled over one another. : 

It deserves notice that all these boulders were sili on gravel 
_ and sand; and that the hills on both sides of the valley were thickly 
covered with detritus. | 

The gamekeepers spoke of a very large boulder at Clachnaharry, 
about 16 feet high, on the south side of Loch Clunie, which is two 
or three miles to the west of Glen Doe. The Convener saw it 
through his glass. 

It may be added here, that Mr Ellice of Invergarry informed 
the Convener of a large bed of pure white sand, which he could not 
distinguish from sea sand, existing on a property belonging to him 
in that district, at a height of about 1000 feet above the sea. 


MID-LOTHIAN. 

1. In September 1877 the Convener visited excavations on the 
north side of Craiglockhart Hull, about two miles 8. W. of Edinburgh. 
His attention was drawn to them by Mr Hutchison of Carlowrie. 
These excavations were in the boulder clay. A number of 
- boulders had been exposed, and were still undisturbed in their 
original positions. 

The largest was angular, the smaller boulders were comparatively 
round. The greatest number were of blue whinstone rock. Among the 
smaller boulders, there were some of sandstone. The contractor for 
a large new building about to be erected being present, had his 
attention drawn to the sandstone boulders, and was asked if he 
knew any rock of the same kind which was in sufficient quantity to 
be quarried? He said that the sandstone of Hailes Quarry and Red- 
hall Quarry was the same rock as that of the boulders. On being 
asked to point out the direction of these quarries from where the 
boulder lay, he pointed in a direction which was N.W. (by com-— 
pass).* 

* These quarries are about a mile distant from the site of the boulders, 


| 

| 

| 

| 

| 

| 


684 Proceedings of the Royal Society 


The height of these boulders above the sea is about 340 feet. 

2. At Granton Harbour (on west side) a very large blue whin- 
stone boulder lies on the beach at high-water mark, part of which 
only is visible, the rest being covered and concealed by the sea wall 
which protects the road. On the upper surface of this boulder, 
there are innumerable striz, the direction of which is W. 3° 8. 
(magn). | 

About 100 yards to the eastward, there is another whinstone 
boulder having an iron ring in it, by which boats or vessels may be 
moored, There are strie on it running in the same direction. 

Between these two boulders there are some strata of hard sand- 
stone rock, portions of which have been ground down and show 
striations running also as above. 

3. In the New Docks, situated to the eastward of Leith, there is 
an immense bed of boulder clay, which continues along the coast 
eastwards for some miles. a 

This boulder clay at the Docks is covered by a muddy sand in 
_ horizontal beds about 8 or 10 feet thick. On the surface of the 
boulder clay there is a bed of oyster shells, of large size. There is — 

as usual on the surface of the boulder clay a great accumulation of 
_ boulders, these having remained when the upper portion of the 
boulder clay bed was washed away by the sea. Most of the 
boulders are well rounded. The largest I saw, a light coloured blue 
whinstone, measured 10 x 8 x 6 feet, and was estimated to weigh 18 
tons. About nine-tenths of the boulders are whinstones, but there 
are also some of ,quartz, limestone, sandstone, silurian, granite, and 
black ironstone concretions from beds of shale. These boulders 
have evidently come from the westward. On a great many, there 
are ruts or strie all maintaining the same direction, viz, W. by N. 
(magn.) Those which are longer than they are broad, have their 
longer axis in the same direction. 

Among the boulders, there were two metallic in abies ; 
_which deserve special notice.* 

One, nearly spherical, measures 74 inches in circumference, and 


* The Committee have to ink Mr Hugh Campbell, whe is professionally 
engaged in the formation of these new docks, for bringing to them the two 
remarkable balls here referred to, as well as for affording to the Convener 
opportunities for seeing the excavations. 
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weighs 24 oz. It was found about 44 feet down in the boulder | 
clay, among the large boulders. 

The other ball was even more spherical, its least girth being 30 
inches, and its greatest 31 inches, Its weight was 54 Ibs. It was 
found 10 feet below the top of the boulder clay. 

Professor Crum Brown (Edinburgh University) was so obligin g 
as to examine both of these balls for specific gravity and composi- 
tion. He reports that the smallest ball is marcasite or white iron 
pyrites, and that its specific gravity is 4°63. It is entirely of pure 
ore, being apparently unmixed with any other substance. 

With regard to the larger ball, the Professor has sent the follow- 
ing report :— 

“The fragment of the large round stone which I took for exami- 
_ nation had a specific gravity of 3°36. It consisted of a mixture of 


silica (not obviously crystalline) and iron pyrites, in the following 


proportions 


“Pyrites, 


“Calculating from these numbers and the sp. gr., it is plain that 
the pyrites must be in the ‘marcasite’ form, as ‘pyrite’ would give 
a considerably higher sp. gr. 

“ The sp. gr. of the whole stone, i.e, the mean sp. gr., was found 
to. be 3°28. It cannot, therefore, be a uniform mixture.” 

Mr Murray having kindly offered to examine, microscopically, 
this large stone ball, has sent the following report :— 


“ Challenger Office, Teviot Row, 
| May 1878. 

“ Dear S1r,—The microscopic section of the boulder is made up 
of crystalline particles of quartz and marcasite. The marcasite fills 
the interstices between the grains of quartz; and among the quartz 
there are pieces of mica. (Signed) Murray.” 


The Convener paid two visits to the excavations in the boulder 
clay at Leith to examine the spot where these two remarkable balls 
were found. He saw the superintendent, who was directing the 
excavations, and also the “‘ navvy” who found the larger ball. The 
latter pointed to a whinstone boulder, and said the “big bullet” 


was close to this boulder, 
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There can be no doubt that both balls had come with the 
boulders, and had been deposited with them in the great bed of 


clay which covers the rocks in this district. This bed extends for 


fully half a mile on each side of the Water of Leith at its mouth, 
and reaches to a depth in some places of nearly 100 feet. 

The black ironstone concretions found in this boulder clay bed 
show marks of friction. There are strata of shale containing such 
concretions, two or three miles to the westward. These concretions, 
as well as the boulders of granite and quartz, clearly indicate 
transport on a large scale from the westward. 

The Convener learns from Mr Robertson, C.E., Albany Street, 
Edinburgh (who planned both the Albert Docks at Leith, exe- 
cuted some years ago, and the new docks now being constructed), 
that similar metallic balls were found in the Albert Docks excava- 
tions. But he has no specimens of them.* 

* Since the foregoing was written, the Convener has received from Mr Charles 


W. Peach, of 30 Haddington Place, Edinburgh, a letter regarding marcasite 
nodules, from which letter, with Mr Peach’s permission, the following 


extracts are made 


‘‘In the Falkirk and Slamannan district a band of these nodules, known as 
‘ Speckled Ball Ironstones,’ occurs. It occupies a horizon a few fathoms above 
that of the ‘ Slaty Band Ironstone,’ the base of the Coal measures. 

‘*The direction of the striw on the rocks and the carry of the boulders and 
boulder clay is towards the east, and varies from E. 10° N. to E. 15° N. 

‘* Near Kilsyth, and about 2 miles to the west of that place, the tributaries 
of the Corrie burn cross an area of blue shales, with several courses of © 
ironstone nodules. Some of these are of iron pyrites (marcasite), and ate 
known among the mining population as ‘brassy balls.’ They occupy a 
horizon between the Hosie and Hurlet limestones, near the base of the 
carboniferous limestone series. | 

‘‘The direction of the striw and carry of the boulders in this district is 
E. or E. 5° N. 

‘* Kither of these sources could supply balls at Leith, as they are right in 
the direction of the ice-flow. — 

‘* As to concretionary balls in sandstone,—there is on the onant of East Lothian 
near Cockburnspath, to the north of Cove, a cliff of calciferous sandstone 
full of spheroidal concretions, which weather out on the wasting of the cliff by 
the sea, and being harder than the matrix, they lie piled up in great numbers 
at the base of the cliff. Many of them are of very large size. 

‘¢Similar concretionary balls occur in sandstone rocks at Grange Quarry 
near Burntisland, from whence, no doubt, the ball found lately at Leith was 
carried. (Signed) W. PEACH.” 


This information in regard to marcasite brassy balls, the Committee 
deems highly interesting. If the marcasite ball found in the boulder clay 
at Leith, was transported from any part of the district situated to the north 
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4, At Alnwick Hill, near Liberton Church, at an elevation of about 
_ 350 feet above the sea, extensive excavations have been- made in 
the boulder clay for the new Edinburgh water-works. The boulders: 
consist chiefly of fragments of rocks, which are known to be in situ 
situated in districts of the country to the west and north-west. The 
great majority of the boulders are of hard red sandstone rock, such 
as occurs at Grange and Merchiston, to the west of Edinburgh, 
though these places are at a lower level. There are boulders of 
marine limestone, similar to rocks of that description in Linlith- 
gowshire. There is an immense quantity of blue-coloured green- 
stones and dark-coloured basalts, and also buff-coloured felspathic 
rocks. There are some small boulders of pure. quartz, which pro- 
bably hail from the Silurian rocks to the north-west of Callendar 


Many of the boulders occupy positions, present shapes, and bear 
marks of some interest. 


The largest seen by the Convener were about 7 feet long by 4 
feet wide, and 24 thick or deep. es 

The boulders were all well rounded and smooth, but more par- 
ticularly so on what had been the upper and the under sides. 

Mr Black, the superintendent of the excavations, being aware of 
the interest attaching to the position of the boulders and the strie 
on them, had, with a compass, ascertained that the long-shaped — 
boulders, before being moved, generally were lying in directions 
varying between W.N.W. and N.W.; that the striz, when such 
existed, were almost always parallel with the longer axis of the 
boulder ; and that there were strive, sometimes only on the upper. 
side, sometimes only on the lower side, sometimes on both sides. 
In one of the boulders, well rutted on the under side, he had re- 
marked that the ruts were deepest at the east end of the boulder, 
and that they gradually diminished in depth and numbers towards 
the west. This feature might be accounted for on the supposition 
that the boulder, whilst being pushed forward, encountered hard 
obstacles which produced deep ruts on the boulder when the first 


of Glasgow, as suggested by Mr Peach, what was the transporting agent to 
suit those localities? A glacier moving from west to east by the action of 
gravity would be hardly conceivable. The levels preclude that agent. A sea 
current, loaded with floating ice, seems a more probable conjecture. 
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contact took place, afterwards the boulder would rise over these 
obstacles, and in consequence the striz produced by them would 
diminish in depth. 

5. Tynecastle, near Edinburgh.—A basalt boulder, 43 x 4 x 2 feet, 
was discovered, striated on both upper and under side, but the ruts 
were much deeper on the under side. The under side ruts had 
begun to be formed at the east end of boulder,—the strie on the 
upper side begun at the west end. This might be accounted 
for by supposing that the boulder had been pushed towards the 
east over hard rocks, and that floating ice from the westward 
had pushed stones over the upper surface. The smallest end of 
boulder pointed towards west. The sides of the boulder were well 
rounded. | 

This boulder lay in a hill of muddy sand containing many pebbles 
of all kinds, hard and soft, such as quartz, shale, and coal. Height — 
above sea, 200 feet.—Ed. Geol. Soc. Tr., vol. ii. p. 347. 


PEEBLESSHIRE. 

At the east end of the town of Peebles there isa boulder of white 
quartz, about 3 feet long, 24 feet broad, and with a girth of about 7 
- feet. Itis now built into a wall. Previously to its being thus dis- 
posed of, the stone stood from time immemorial in an adjoining low 
hill, which in consequence had obtained the popular name of the 
‘ White Stone Knowe.” It is alluded to as a boundary stone in a 
title deed dated in 1436. Mr Richardson, the Secretary of the Edin- 
burgh Geological Society, who was the first to take public notice of 
this boulder, says that “the nearest beds of quartz are about 80 miles 
to the N.W.” The boulder on its surface is smoothed and polished. 
It is, like many other boulders, rudely pointed at one end, whilst the 
other extremity is more broad and heavy. The height above the 
sea is 550 feet.— Ed. Geol. Soc. Trans., vol. ii. p. 397. | 


PERTHSHIRE. | 

1. Loch Zay.—On the farm of Morenish, situated on the north 
bank of the lake, and about 2 miles from the village of Killin, there 
are several boulders worthy of notice. 

Figs. 13, 14, 15, Plate II., are intended to show the positions and 
specialties of these boulders. They were at a height of about 1400 
feet above the sea, assuming Loch Tay to be 300 feet. 
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These boulders had all come from the westward, viz. down the 
valley, as shown by the way in which they were fixed. 

If the question be, whether they were brought by glacier | or 
by floating ice, the answer is, that there is not much evidence 
either way. It may however be remarked, that if they were pushed 
forward by a heavy glacier, it is odd that the boulders should not. 
have been carried further down the valley, and that the obstructions 
on their east side, against which they have stuck, should not have 
yielded under the pressure of a ponderous glacier. ‘The boulders 
in figs. 13 and 14 were resting on detritus, and pressing against 
detritus only on their east sides. The boulders in fig. 15 was 
pressing against a hard rocky stratum of clay slate on its east side. 

In several parts of the hill, smoothed rocks of mica schist occur, 
with knobs of quartz standing up above the general surface. Being 
_ harder than the mass of rock, they had resisted the friction better ; 
these knobs were smoothed, the smooth _ being always on the 
west sides. 

Fig. 16, Plate III., shows a rock with joints. The projecting 
angles facing the west have been smoothed by some abrading and 
grinding force. 
2. Glen Dochart.—There are many boulders of considerable size, 
resting on detritus, and chiefly on the south side of the valley. 

One near an old toll-bar measured, in so far as above the ground, 
13x 12x 8 feet, at a height of 630 feet above the sea. 

At the small farm-house of Wester Lix, at a height of 660 feet 
above the sea, there is a flat or terrace, partly rock, partly detritus, — 
on which there are several large well-rounded boulders, two of 
them a coarse granite, probably from Ben Cruachan. 

On ascending the hill towards the south, a boulder, 12x9x5 
feet, was met with, at a height of 1116 feet above the sea. Its 
longer axis bore E. } S., which is also the direction of the axis 
of the valley in this place. ‘There being no rocky hill near, from 
which this boulder could have come, it has certainly been brought 
to the spot where it now lies, by some transporting agent. 

At the height of 1250 feet there is a mass of rock on the same side 
of the valley, and nearer the top of the ridge, which has on it some 
noteworthy marks. The rock stands out prominently, and forms a 
nearly vertical cliff, as shown in fig. 17, Plate IIL. ‘On the side 
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facing the west, there are horizontal groovings, apparently formed 
by some force, which, acting on the whole mass, has worn down 
certain portions more than others, these — being less com- 
pact, and so more capable of abrasion. 

Such abrasion might have been effected by a body of water passing 
from the westward; and more readily, than by the solid ice of a 
great glacier. 

On the top of the ridge forming the south bank of this valley 

(Glen Dochart), a cairn stands at a height of 1500 feet above the 
sea, <A boulder of considerable size lies on the top of this ridge, on 


_ the east side of a projecting knoll. Has the boulder been stranded 
on what was the lee side of the knoll? 


ROSS-SHIRE. 


At Auchnasheen (Dingwall and Strome Ferry Railway,) there is a 
boulder about 15 feet in girth, which stands on a flat of detritus 
about 610 feet above the sea. 

In this district, there are several other detrital flats, in sight of 
this one, all nearly on the same level. There can be no doubt that 
these flats have been originally one continuous plateau, which formed 
a sea-bottom. It has been cut through by several streams, the banks 
of which, about 18 feet high, show an enormous accumulation of — 
oravel and sand ;—sand, below (deposited probably when the water 
was deep) ; gravel, above (deposited when the water was shallower 

and more subject to currents). 
The annexed diagram represents a portion of these remarkable flats, 
—cut through by several streams, the principal of which flows from 
Loch Rosque,—situated to the north of the boulder. The knobs > 
on the woodcut are intended to represent knolls of gravel or sand— 
remnants of a greater mass of these materials. The boulder is 
well rounded, and it has evidently come from a distant quarter. 

Professor Nicol of Aberdeen has expressed an opinion* that the 
formation of these Auchnasheen terraces is due to the action of a 
great river flowing from the west. I regret to differ on this point 
from a geological friend; but 1 can see no grounds for that opinion. 

To the east of Auchnasheen, close to the railway, there are several 
spots of rock evidently rounded by friction—whether by ice or by 

* Nicol’s Geology of Scotland, p. 69. 
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water, or by both, it is difficult to say. Their height above the sea 
is about 780 feet, On the hills, on each side of the railway, there 
are traces of horizontal lines on the detritus, which deserve better 
observation than could be given from the railway carriage. 


— 


STIRLINGSHIRE. 


1. On Sheriffmuir, 3 miles from Bridge of Allan, near Blackford, 
there is said to be a large boulder, called Wallace’s Putting Stone. 


NORTHUMBERLAND. 


It was intended that only Scotch boulders should be inquired 
after by the Committee; but it is not irrelevant to notice a 
boulder which, though now in England, was probably transported 
from a Scotch mountain. | 

In Chillingham Park, the seat of the Earl of Tankerville, near 
Alnwick, there are several small boulders of granite. The rocks of 
the immediate neighbourhood are carboniferous sandstones and lime- 
stones. The nearest point for granite is the “‘ Big Cheviot,” eight 
miles to the W.N.W., and reaching a height of about 1800 feet 

above the sea. The largest boulder is 3 feet 2 in length, 2 feet 
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4 in width, and 2 feet high. It is round in shape, and about 400° 
feet above the sea. 

_ Several valleys and ridges of hills lie between Chillingham and 
the Big Cheviot, across which the boulder must have heen trans- 
ported to reach its present site. 


Remarks by Davip Mitne Home, LL.D., Convener of the 
Society’s Boulder Committee, on presenting the Commit- 
tee’s Fourth Report: at a Meeting of the Society, 20th 
May 1878. | | 


1. In presenting a Fourth Report from the Society’s Committee on 
Boulders, I may be allowed, first, to refer to the main object for 
which the Committee was appointed. 

It was to collect data which might help towards a solution of the 
problem, by what agency boulders in Scotland had been transported. 
from the parent rocks to the positions they now occupy. 

_ The Transactions of the Society contain numerous papers by 
eminent geologists on this question. 

_ At a very early period, Sir James Hall, when he drew atten- 
tion to many large boulders, and also to the remarkable appear- 
ances called “crag and tail” in the midland districts of Scotland, 
ascribed both sets of phenomena to the agency of great bodies of 
water, which had passed over the country from west to east. 

At a later period (about the year 1842), Agassiz and Dr 
Buckland started the idea, that as in Switzerland, glaciers had 
been the means of carrying masses of rock from the Alps across the 
valley of Geneva to the Jura mountains, so there might in former 
days have been glaciers in Scotland producing similar effects. 

More recently a third theory was started,—that if the sea stood 
several hundred feet above its present level, floating ice might have 
been the means of transporting the boulders, and carrying them 
oreat distances. 

2. There being thus three different theories of transport, ak 
supported by eminent geologists, the Committee has endeavoured to 
gather facts to ascertain which theory is the most probable, or 
whether any better can be suggested. 

I do-not presume to say that the information contained in this and 
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the previous Reports will yet allow the problem to be solved. 
But at all events it may be conceded that some new facts have been 
ascertained, which throw considerable light on the question. 

I venture to indicate what appear to me to be several con- 
clusions warranted, though in doing so I offer only my own 
opinion. Perhaps the Committee, after more information has 
been obtained, may be induced to consider whether they will pro- 
nounce on the various questions of interest which the subject 
presents. 

I confine myself hie evening to only a few points, and er 
to illustrate what occurs in our last Report. 

3. The boulders referred to in the Report may be divided into two 
classes, 

First, There are boulders which, from the en of the rock com- | 
posing them, are so soft and friable, that they could have been trans- 
ported only short distances—such as sandstone, coal, and shale. 
In the Report, examples are given of such boulders, from Berwick- 
shire and Mid-Lothian. | 

The second class of boulders, namely, such as are ascertained 
to have come from remote quarters, are composed of rocks, hard, 
compact, and homogeneous in composition; such as basalt, green- 
stone, granite, felspar, quartz, greywacke, and old conglomerate. 

Boulders of these rocks have been found even as far as 80 or 100 
miles from the parent rocks; and, generally speaking, they are well 
rounded, presenting evidence of enormous friction undergone whilst in 
transitu; and even in some cases acquiring almost a spherical shape. 

Specimens of small spherical boulders are now on the Society’s 
table. 

There are, however, exceptions to ) the wale that boulders of hard 
compact rocks are generally well rounded. Cases of boulders of 

these hard rocks occur extremely angular in shape. Examples are 
shown in this Report, by the lithographs appended to it, and in 
previous Reports. These angular boulders are almost invariably at 
high levels, on the sides of mountains or near their tops. The well — 
rounded boulders are generally at Jow levels, and most frequently 
imbedded in boulder clay. 

4, It will be asked, whether the Committee has in any case ascer- 


tained the parent rock from which a boulder has come. 
VOL, IX. 4¥ 
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The answer is, that the Committee can in no case point out the 
particular rock from which a boulder had originally been broken off. 
All they can affirm is, that in several cases they have ascertained 
the district or quarter from which the boulder must have come. 

(1.) For example, in Berwickshire, as will be seen from this last 
Report and the second Report, particular hills are specified from 
which boulders must have come. The direction in which they 
came, and the number of miles traversed, are therefore in these cases 
matter of certainty. In every case over the whole county of Berwick, 
from its lowest to its highest level, the direction of transport is 
from points between W. and N.W. (magn.) 

The same is the case in Mid-Lothian. The sandstone boulders at 
Craiglockhart are shown to have most probably come from rocks 
situated a few miles to the N.W. The quartz and other hard rock 
boulders at the same place, as also at Liberton and-at Leith, in like 
manner probably came from points between W. and N.W. 

(2.) The two remarkable spherical balls of marcasite, found in the 
boulder clay at Leith and mentioned in this Report, must in like 
manner have come from the westward. A presumption to that 
effect arises, from the mere fact that they are in the same bed of 

clay which contains granite and other Highland rocks. But there 
is more than presumption. Mr Peach having indicated where 
pyrites balls might be found zn stu, viz., at Campsie and Kilsyth, 
I went to Campsie last week, and on inquiry was shown some thin 
strata of coal, abounding in nodules of pyrites, several of the nodules 
so large as to weigh half acwt. The coal is worked for burning 
limestone. It is too full of sulphur for domestic use. Specimens of — 
this coal, with the pyrites nodules which I obtained on the spot, — 
are now on the table of the Society. | 

Kilsyth I did not visit, because the overseer at Campsie 
told me that he had worked at Kilsyth, and that there were pyrites 
nodules in the coal strata there, similar to those at Campsie, but 
of rather smaller size. | 

Some of the nodules which I obtained at Campsie I submitted to 
Professor Crum Brown, that he might examine them to see whether 
they contained “ marcasite.” He has reported to me as follows :— 
“These nodules have a specific gravity of 4°12, and consist of 
iron, sulphur, and coaly matter in the following proportions :— 
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“Tron, GG . 44°56 per cent. 
“ Sulphur, . 
“Coaly matter,. 3:30 ,, 


Deducting the coaly matter, the iron and sulphur would be in the | 
proportions in which they are generally found in ‘ marcasite,’ viz., 


“ Tron, 45°61; and Sulphur, 54:29.” 


As regards chemical compositions, therefore, the small metallic 
boulder may be considered as exactly agreeing with the nodules 
found in the Campsie coal strata. This agreement in composition 
affords a strong ground for inferring that the boulder had been 
transported from Campsie, or from ist i as suggested by Mr 
Peach, 

With regard to the larger spherical ball found in the same bed of 
boulder clay at Leith, I am now able also to indicate the part of the | 
country from which it was probably transported.. Mr Hutchison 
of Carlowrie, happening to see this stone ball, informed me of two 
quarries in Linlithgowshire where concretions resembling it were 
in abundance. These quarries are near Humbie and Dalmeny, 
situated from nine to ten miles due west from Edinburgh. Mr 
Hutchison having sent to me several of these concretions, I was 
induced to visit Dalmeny Quarry. I found in the sandstone rock 
there, numerous concretions of all sizes up to nearly 4 feet in 
diameter. Humbie Quarry I did not visit, as the working of it had 
been given up, and it was full of water. A concretion from — 
this last mentioned quarry, sent to me by Mr Hutchison, Professor 
Crum Brown has examined, with the -following result :—‘“ It 
weighs 17} Ibs. It consists externally of a thin shell of sandstone, 
and internally of a mixture of quartz and marcasite, closely re- 
sembling the substance of the large ball from Leith. The mean 
specific gravity of the ball was 3°49.” 

There is thus a sufficient similarity of composition in regard to the 
stone ball and the Humbie concretions, to make it exceedingly pro- 
bable that these Humbie sandstone rocks supplied the stone ball. 
I do not say that Humbie Quarry was the exact spot from which 
the stone ball found at Leith actually came. The sandstone strata 
Which occur at Humbie and Dalmeny of course crop out elsewhere 
a the district near South Queensferry ; all that can be said is, that 
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_ the stone ball may have come, and most probably came, from some 
part of that district. Mr Peach mentions in his letters, quoted in 
the Report of the Committee, that similar concretionary balls occur 
in sandstone rocks near Burntisland, and suggests that the ball in 
question came from that quarter. In that case, the direction of 
transport would be from about due N. If the stone came from near 
South Queensferry, the direction would be from W.N.W., which 
last would be more in accordance with the evidence of direction in- 
dicated by many other data. 

Assuming, then, as most probable, that the oe stone ball, oe 
well as the small metallic ball found in the Leith boulder clay, came 
from parent rocks, situated to the westward, the next question will 
be, by what agency were they transported? _ 

Mr Peach, in his letter, apparently assumes, as matter of courte, zi 
that these balls were transported by the agency of ice, But “ice” 
in what form ?—land-ice, or sea-ice ? ee | 

If the metallic boulder came from Campsie, the distance over 
which it travelled to Leith could not have been less than 30 miles ; : 
and as the Campsie coal strata are only about 150 feet above the 
present sea-level, there would not be gradient sufficient for a glacier . 
either to carry on its surface, or to push before it, debris of rocks 
_ from Campsie to Leith. Moreover, Leith is not at or near the 
mouth of any valley which could create or guide a glacier from the 
west of Scotland. 

But there are in. the Campsie and Kilsyth districts marks of 
various kinds, indicating the action of a deep-sea current. These 
marks it is proper to notice, as having an important bearing on 
the general question of boulder transport. 

Mr John Young of Glasgow, in the year 1868, wrote an in- 
structive paper in the “Transactions of the Glasgow Geological 
Society,” on the geology of Campsie. He says (page 14)—“ There 
are few localities in the central district of Scotland, where such an 
extent of polished and striated rock surface is to be seen, as along - 
the flat summits of the south hill of .Campsie, The striz vary in 
their direction from a few points north of west to south of west, 
according to the deflection of the ground ;—many tracts of the sand- 
stone rock, still showing the channelled markings in great perfec- : 
tion,” at about 600 feet above the sea, 
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Mr Young then refers to the Strathblane Valley, which lies 
between the north and south hills of Campsie, and to the appearances 
indicating that it had heen “ swept by powerful currents of water, 
which have helped to produce those inequalities of surface seen 
along the outer margin of the tracts now occupied by the rivers 
Kelvin and Glazert. It was during the period when Scotland sat 
several hundred feet lower in the sea than it does at present, and 
when the valley of the Kelvin existed as a deep sound connecting the 
German and Atlantic Oceans, that those great beds of stratified 
sand and gravel were deposited which we now see filling up the 
Strath (as near the village of Torrance) to more than 100 feet above 
the level of the river. At other points along its course, similar 
deposits exist to more than 100 feet below the present sea-level. 
This shows that a very deep sound or valley must have originally 
extended across Scotland, previous to the glacial period, in this parti- 
cular direction. A depression of the land to the extent of 350 feet 
would produce the following results :—The German and Atlantic 
- Oceans would be united by the valley of the Kelvin, also by the 
_valley of the Leven, Loch Lomond, and onwards by the low ground 
near Kippen to the Forth at Stirling. A narrow sound through the 
Campsie valley would connect the two seas, as the water-shed at 
Ballagan Bridge is only 330 feet. The Campsie and Kilpatrick 
hills would then form two islands, and the valleys of the Carron and 
; the Endrick would be estuaries or arms of the sea. It is only by 
‘assuming conditions such as these, that we can hope to explain the 
superficial sedimentary deposits” (page 16). 

In the year 1871, in company with Mr Young, I had an oppor- 
tunity of visiting the Campsie district, and from my note-book I 
make the following extracts :— 

a. On Craigend moor, at about 450 feet above the sea, situated 
two miles west of Strathblane, I found the sandstone rock present- 
ing extensive sheets of smoothed horizontal surface, evidently ground 

down by friction, and presenting occasional strie, running in a 
direction S.E. by S. The rock had in some places imbedded in it 
quartz pebbles, standing up above the general surface. Being 
harder than the sandstone rock, these pebbles had been able to 
withstand the friction ; but some of them showed marks of rubbing 
on their north-west sides. — 
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b, At this place, looking towards the N.W.—viz., in the 
direction of Loch Lomond—an opening between the hills, which 
are apparently about 1000 feet high, was discernible ; this opening 
being about 14 mile wide. 

c. At four other places on Craigend moor, from 500 to 600 
feet above the sea, two to three miles apart, there were striations on 
the rocks, pointing S.E. by S., SE. 4 S.E. by S., 
and 8.8.E. 

At all these places the direotion was seen to pass through the 
- opening between the hills above referred to, indicating that the 
agent, whatever it was, which produced the striations might have 
come, and probably came, by that opening. 

_d. On this same moor (forming an extensive plateau of about 6 
miles long by about 3 miles wide) I had pointed out to me by Mr 
- Young several boulders in different places. 

Two were of trap, from the Kilpatrick hills, situated some miles 
to the W.N.W., and at a height of 570 feet above the sea. In cir- 
cumference, each boulder measured 27 feet, and, so far as not 
buried in the drift on which they were lying, the e height of one was 

44 feet, of the other 6 feet. : 

Another boulder, well rounded, 500 feet above the sea, was of 
grey granite, weighing about 2 cwt., which Mr Young considered, 
from the size of its felspar crystals, to have come from Ben Awe, 
a mountain situated to the N.W., and distant about 50 miles, 

There were several smaller boulders of old conglomerate — 
transported, no doubt, from the well-known band of that rock 
which, running from Dumbarton, crosses Loch Lomond in a N.E. 
direction towards Aberfoyle. 

e. In the valley of the Blane there are deep beds of sand 
formed, most probably, whilst the sea occupied the valley, and 
numerous well-rounded boulders of all descriptions. At Strathblane 
Railway Station there was a deep cutting of a sandbank, with several 
boulders in the sand, and one in such a position as to indicate that 
it had fallen from some raft which had been conveying it, as it was 
sticking with its narrowest point downmost.* 

jf. It was remarked to me by Mr Young, that whilst boulders, 


* Seo a diagram of this sandbank and boulder in a little book, published 
by Edmonston & Douglas in 1871, called ‘‘ Estuary of the Forth.” 
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gravel, and beds of sand are abundant in the valleys of Strathblane 
and Campsie, he had never found any marks of grinding or striation 


on the rocks in these valleys. These effects seemed to have been 


produced at levels higher than 400 feet above the sea. 

On another occasion, when geologising on the Campsie hills, 
above Glorat, situated 3 miles to the east of Campsie, and at a 
height of 800 feet above the sea, I found the sandstone rock 
striated, in a direction due E. and W. On the Kilsyth hills, a few 
miles still farther east, and at a height of 1200 feet above the sea, 
the striations on the rocks were seen to be E. and W. 

g. One other fact observed was the immense accumulation of 
boulders of all kinds at Croyhill, a knoll of trap, at the summit 
level betweeen the firths of Clyde and Forth—viz., about 160 feet 
above sea-level. As some of these boulders were of “old con- 
_glomerate,” they afford additional evidence of an agency which 
brought them from the westward.* 

h. In addition to these facts, notice may be taken of two 
boulders reported to the Committee by Mr Jack of the Geological 
Survey. One is of mica slate, weighing about 6 tons, on the 
Kilsyth hills, at 1260 feet above the sea, the parent rock of 
which Mr Jack supposes to be situated about 15 miles to the 
north. The other is of conglomerate, weighing about 7 tons, 
on the north hill of Campsie, at 1803 feet above the sea, with its 


longer axis W. 20° N. Its parent rock is supposed by Mr Jack to 


be to N.W. (First Report of Committee, p. 51.) 

Now what do all these facts prove? They prove that an agent 
of some kind or other moved over this district, having a depth of 
at least 1800 feet, and covering a great breadth of country; and 
that, whilst this agent was moving, the rocks over which it passed 
were ground down and rutted and striated; large boulders, at a 
high level, were carried forward, and boulders at a low level 
were pushed in a similar direction. | 


There is an additional fact deserving notice. The valley at. 


Lennoxtown, where the pyrites coal strata are worked, seems to 
have at one time been filled up by these strata. These strata now, 
however, exist only on each side of the valley. Some agent has scooped 

them away, whereby the present valley was excavated ; and it is 
* «Estuary of the Forth,” p. 95. 
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possible that the balls found in the Leith boulder clay form a 
portion of the debris of these pyrites strata so broken up. 

What agent can fit into all these conditions so well, as a sea 
current loaded with ice ? 

On this theory, it is intelligible why the rocks alung the moors 
of Craigend and Craigmaddie, stretching for 5 or 6 miles in a 
direction S.E. and S.S.E., at a level of from 500 to 700 feet above 
the sea, should show more effects of grinding and striation than the , 
rocks at a lower level. Had a glacier been the agent, the grinding 
would have been chiefly at the lowest, not at the highest levels. — 

The subjoined plan and section of Campsie hills and valley will 
make the foregoing explanations more intelligible. The plan is 
copied from a published map by Johnston. The section has been 


Ground Plan of Campsie Valley. 
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A, Pyrites coal strata, out-crop of. 

B, Craigend Moor, 450 feet. 

C, Craigmaddie Moor, 700 feet. 

D, Boulder and striated rocks at Croyhill. 
K, Kilsyth coal strata. 


Boulders shown by black dotts. 
Striz on rocks by arrows. 
FAE, Line of section across Campsie Valley. 


kindly drawn for me by Mr John Young of Glasgow, who is — 
thoroughly well acquainted with the geology of the district. In his 
letter sending the section, Mr Young says—* The Campsie coal and 
_ limestone is at present worked on the flank of the north hill, as well 
as in the mine which you saw in the south hill. The valley 
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between these hills is one of denudation. Several hundred feet of 
strata, belonging to the Lower Carboniferous Limestone series, have 
been removed, or scooped out by currents of the ocean. 

“If you examine Sheet 8 of the horizontal section of the 
Geological Survey (by Professor Geikie) you will find on the south 
hill of Campsie the outcrop of the coal and limestone. This sheet 
shows, quite as distinctly as my sketch, the valley running between 


the south and north hills, and the great denudation of the coal 
strata containing the marcasite balls.” 


1800 Fr 


CAMPSIE 
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Section across Campsie Valley ; coal and limestone strata overlaid by gravel 
and earth. 

These explanations go far to show how the small marcasite ball 
found in the Leith boulder clay probably came from Campsie. A 
geological study of that district indicates the agency of deep-sea 
currents loaded with ice, which flowed upon the Campsie hills from 
the W.N.W., scooping out the valley which now occurs there, and 
breaking up to a large extent the coal strata in that valley. The 
debris of these strata would be swept along to the eastward; and 
some of the nodules forming part of these strata would be buried in 
the boulder clay now existing at Leith. 

4, The cases which I have just been describing are of boulders, 
large and small, which have come from remote places, now separated 
by an intervening tract of dry land from the present sites of these 
boulders. 
| (1.) But there are cases of boulders which to reach their present 
sites must have crossed arms of the sea, even now of considerable 
depth and extent. In such cases, the theory of local glaciers is, 
of course, scarcely conceivable. 

Thus on the Island of Islay, the Committee’s last Report refers to 


several large boulders of rock, differing from any rock known in 
VOL, IX. 4% 
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the island. At least, such was the opinion I formed after a — 


'week’s ramble, and after inquiring among intelligent persons well 
acquainted with the rocks of the island. | 

So also in the Island of Kerrera, opposite to Oban, there are 
numerous blocks of grey granite, though no rocks of any kind of 
granite occur in the island. | 

On the small island of Staffa, consisting entirely of basalt and 
greenstone, I found boulders of red granite and gneiss, which 
probably came from the Mull mountains, situated to the N.E. 
(Committee’s 2d Rep., p. 157). : 

(2.) In Nairnshire there are many conglomerate boulders of huge 
size, and angular in form, which must have been transported across 
what is now the Cromarty Firth from Ross-shire. They are at a 
height of from 400 to 600 feet above the sea. (First Rep. of Com. 
mittee, p. 42.) 

Other examples are afforded by the black granite boulders at 
Appin and in Loch Creran. Specimens of these are now on the 
table. As the present Report gives a full explanation regarding 
these boulders, I do not require to repeat how, when these speci- 
mens were submitted to Professor Judd of London, who has made 
the igneous rocks of the West Highlands a special study, he 
_ gave his opinion that there was no rock of the same description on 
the mainland, and that it was to be found only in Mull. From 
that island, therefore, these boulders must have been transported, and 
across a sea, which even now has at one place a depth of 100 
fathoms, but which transportation probably took place at a period 
when the sea stood hundreds or even thousands of feet above 
its present level, or when the land sat that much lower in the 
ocean. 

(3.) If Professor Judd’s opinion of the Loch Creran and Appin 
- boulders be correct, it goes far beyond an explanation of the boulders 
in these localities. For example, the Island of Lismore, whose rocks 
are entirely limestone, has on it many boulders of granite, which 
probably also came from Mull, inasmuch as Lismore lies between 
Mull and Appin (Com. 2d Rep., p. 157). In Lochaber there is the 
hill called Craig Dhu, about 2000 feet in height, so called, I believe, 
from the great number of black granite boulders resting on and near 
its top. These boulders, on account of their peculiar colour as well 


; 

| 

i 

j 

. 

J 

| 


of Edinburgh, Session 1877-78. 703 


as position, attracted the notice of Professor Nicol and Mr Jamieson ; 
and they are mentioned in both of my recent papers “On the 
Parallel Roads,” (See also Committee’s First Report, p. 39.) 

In these papers I had occasion to point out how the position of 
the boulders both in Glen Roy and Glen Spean indicated that they 
had come—not down these glens, but wp the glens. If the boulders 
at Loch Creran were rafted on ice from Mull by a sea current 
flowing eastward, the position of the boulders in Glen Roy and 
- Glen Spean could be explained in the same way. 

(4.) There is another fact connected with the position of boulders 
in the West Highlands, and indeed over Scotland generally, which 
receives explanation from Professor Judd’s paper “On the Ancient. 
Volcanoes of the scenes I mean the high position of many large 
boulders. 

In the Committee’s Second Report notice is taken of a remark by 
the Ordnance Surveyors (p. 157), that in the Stratherrick district, — 
where the highest hills are about 2900 feet above the sea, the 
boulders on the sides of these hills extend down to a level of 
about 2250 feet, but not lower. 

In Fortingall parish (Perthshire) a gneiss boulder, weighing hai 
400 tons, is lying on clay slate rocks at a height of 2500 feet, being 
very near the ridge of clay slate hills. The gneiss hills form a 
range about 20 miles to the north and north-west. (Committee’s 
First Report, p. 49.) 

On the Fannoch Mountains (Ross-shire) a gneiss boulder of about 
130 tons weight lies on a water-shed at a height of 2000 feet above 
the sea. (Committee’s First Report, p. 49.) 

On Schehallion (Perthshire) blocks of grey granite are seen at a 
height of 3000 feet. (Committee’s Second Report, p. 173.) 

On the top of a hill in Lochaber, exceeding 3000 feet above the 
sea, there are granite boulders. (Paper on, Parallel Roads, Tr. of 
Soc. vol. xxvii. p. 740.) 

Now where are there at present in Scotland ranges of mountains 
from which fragments could have been transported to such heights as 
those above named? There are now none such. Isolated peaks there 
are, but none exceeding 4300 feet ; and of these there is but one, in 
the West Highlands (Ben Nevis), though it is from the westward 
that the great bulk of the boulders which overspread Scotland have 
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come. Professor Judd’s paper, giving reasons for believing that there 
were in Pliocene times mountains in Skye, Mull, Ardnamurchan, 
and even in Rum, some of which reached to a height of at least 
14,000 feet, solves the difficulty, and explains many other curious 
facts besides. 
_ For example, there is a series of granite boulders containing 
unusually large crystals of quartz, felspar, and mica, which occupy 
the straths between Fort-William and Kingussie. A boulder near 
Fort-William is 1500 feet above the sea, and from its position 
appears to have necessarily alighted on the hill from the westward 
(Committee’s 2d Report, p. 161-2). If the sea stood at 2000 feet 
or more above the present level, the valleys of Lochaber and the 
Spey would be occupied by sea, and through them a current could 
flow from the ocean on the west to the ocean on the east. The 
summit level now between Lochaber and Strathspey is 850 feet 
above the sea, so that if the climate at that time was such as to 
allow of glaciers among the mountains and of floating ice on the 
sea, there would be means of transporting boulders from Mull to 
Lochaber and Strathspey. 

5. There are several other instructive features connected with 
boulders brought out in this as well as in previous Reports, 

(1.) The different shapes of boulders. 

The Appin boulders are round shaped, whilst the Loch Creran 
boulders are angular, though the rock composing them is the same. 
The former are known in the district as “the round stones of Appin.” 

These Appin boulders are on the shore of the Linnhe Loch, 
through which in former times there must always have been 
a rapid current flowing, between the high mountains, forming the 
Glen-na-Albin or Great Glen of Scotland. a 

If icebergs then floated on the sea, these boulders must have 
undergone much pushing and rolling; whereas the Loch Creran 
boulders, being in what would then be only an arm or inlet from 
the main channel, would be exposed to no such friction. 

In reference to the Kyle or sea strait, in what is now the line 
of the Caledonian Canal, the grinding to which the rocks on the 
sides of the valley have been subjected, is well seen at Cullochy 
on the north side, and at Inverfarrignig on the south side of the 
canal. 
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_ (2.) Another common feature presented by boulders in Scot- 
land is, that when they are longer than they are broad, the 
longer axis is parallel with the direction in which the boulder had 
been transported. Very frequently also, when one end is sharp 
and the other end broad, the former points towards the direction 
from which the boulder has come. On the theory of icebergs and 
floating ice this feature is intelligible; on any glacier or ice sheet 
theory it is not. | 

(3.) The existence of strie on boulders, and the circumstance 

that these striz are sometimes deeper at one edge than on the rest 
— of the surface, is a new fact brought out in this last Report (page 
688). 

6. In several parts of the Report allusion is made to the evidence 
which boulders seem to afford, of the enormous denudation which 
there must have been in the district where these boulders are 
situated (pp. 662-667). 

7. Notice is also taken in two districts of the. West Highlands — 
of horizontal terraces on the sides of hills, up to a height of 1800 
feet above the sea. | | 

If these are to be ascribed to sea action, as suggested in the 
Report, they would only show that Scotland possesses the same 
features in this respect as Norway, Sweden, and America, where 
there are horizontal terraces to even greater heights. It is only 
reasonable to expect that in the north of Scotland such records 
of the ocean should be discernible, considering the enormous beds 
of sand and gravel found at great heights in many of the moun- 
tains. On Schehallion (Com. 2d Rep., p. 173) there is gravel up 
to a height of at least 3000 feet. 

In reference to the suggestion, that these terraces on the sides of 
mountains in the Highlands are marine, it is not unimportant to 
observe, that similar horizontal terraces at high levels occur also in 
lowland districts. Mr James Geikie, in his “Great Ice Age,” 
refers to a series of “high level terraces of gravel and sand at 
Eaglesham,” about 12 miles 8S. W. of Glasgow, the highest being 800 
feet above the sea. ‘I have also traced them,” he adds (page 248), 
‘on the Moorfoots, up to 1050 or 1100 feet; and these, like the 
Eaglesham beds, seem equally to require the agency of the sea. 
Still farther south, high level shelves of gravel and sand have been 
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detected by my colleague, Mr Skae, in Nithsdale, at a height of 1250 
feet above the sea.” | 

8. Lastly, may I be permitted, as there is still a wide field for 
farther investigation, to express a hope that the Boulder Committee 
may be re-appointed, and with additional labourers to carry on the 
work. I will be happy to be allowed to remain on the Committee, 
but I wish to resign the honour of being Convener. I begin to find 
that I am now not able for the hill-climbing and trudging across 
Highland moors and morasses, which boulder-hunting requires. 


Edinburgh, 24th May 1878. 


At a Meeting held this day, the Council re-appointed the Boulder 
Committee, with the addition of Dr Andrew Fleming, M.D. ; 
William Jolly, Inspector of Schools, Inverness; and Ralph Richard- 
son, Secretary of the Edinburgh Geological Society ; and agreed to 
express a hope, that Mr Milne Home would continue Convener of 
the Committee. | 

The Council further agreed, that the “ Remarks” by Mr Milne 
Home, at the Society’s meeting on the 20th inst., when he presented 
the Committee’s Fourth Report, appear in the Society’s Proceedings, 
along with the Report. | 


J. BaLFour, Secretary. 


The Boulder Committee now consists of the following Fellows sis 


Sir Robert Christison, Bart. 

Sir Charles Wyville Thomson. 

Rev. Thomas Brown, Edinburgh. 

Dr Andrew Fleming, M.D., Edinburgh. 

Professor Archibald Geikie, Edinburgh. 

‘William Jolly, Inverness. 

Dr Arthur Mitchell, M.D., Edinburgh. 
Professor Nicol, Aberdeen. 

Ralph Richardson, Edinburgh. 

Thomas Stevenson, C.E., Edinburgh. 

David Milne Home, LL.D. (Convener. 
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Monday, 3d June 1878. 
Sir C. WYVILLE THOMSON, Vice-President, in the Chair. 


The following Communications were read :— 


1. On the Splitting up of Electric Currents, as detected by 
the Telephone, and the founding thereon of a Sounder to 


call attention from one Telephone to another. By R. H. 
Bow, C.E. 


The telephone is of no use as a “ far-speaker,” without some 
means of calling the attention of the attendant at the distant 
station. Nothing could well be better than the “ electric-bell call,” 
and the sounder which I am about to describe makes no preten- 
sions of competing with the bell, except on the points of simplicity, . 
cheapness, and facility of use; and although its employment is 
limited to short length lines, it may be assumed that it is upon 
short length lines that the telephone will be most frequently used. 
I have had this sounder in experimental use for more than three 
months, and have shown it to many persons as a very obvious 
expedient. However, as it does not appear to have been referred 
to in any publication, I venture to bring it as a Note before the 
Society ; it is of too trifling a nature to be made the subject of a 
formal paper. 

In any of the sounders I have seen described, the battery, or 
other source of electrical excitement, has been placed in simple 
circuit with the pair of telephones, or put into circuit with the 
distant one. In the proposed method of sounding, by means of a 
galvanic battery, the battery is kept separate, and, when used, the 
short wire from the one electrode is rested against one of the wires 
of the telephone, while the wire from the other electrode is slid 
with a very gentle vibrating touch upon the other wire leading from 
the telephone. On the well-known principle of derived currents, 
we know that the greater portion of the electricity will pass through 
the shorter or less resisting circuit of the nearer telephone, and yet 
that there will be a not inconsiderable portion diverted to travel round 
by the distant one; and this, if the distance be not very great, and 
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the telephones be of suitable construction, will suffice to elicit 
sufficient noise at the distant station to call the attention of any one 
in the same or even an adjoining apartment; the noise given out 
by the distant telephone will not be altogether due to this diverted 
current, but will owe part of its volume of sound to telephonic 
sympathy with the great agitation produced in the one near the 
operator, 

Before entering into any details as to the construction of tele- 
phones best suited for this mode of sounding a “ call,” and for short 
distances, permit me to describe two experiments upon the detec- 


tion of derived currents by means of the telephone. 


Pom 


Fig. 1. 


Fig. 1 represents a wire of about 320 feet in length, bent so as to 
bring the middle of its length near to the telephone T, to which its 
extremities are attached ; G is a battery of one cell, and A and B 
the wires from its electrodes ; one of these, A, is fixed to the long 
wire at a; the other, B, is movable at b, the point L being taken at 
different distances from u. When the length of a—b is taken equal 
to from 3 to 4 feet, the noise emitted by the telephone might 
be sufficient to act as a call, although only about 1 per cent. of the 
current from the battery can then pass through the telephone ; 
when the length of a—l is reduced to 1 foot, the sound from the 
telephone may yet be heard several feet away, and as the distance 
of a—b is decreased, the telephone must be brought nearer and 
nearer to the ear in order to hear the crepitating sound ; with a—b 
equal to 3 inches, it may be heard 3 inches off; and when the 
telephone is held against the ear the distance of a—b may usually be 
reduced to less than a quarter of an inch before the sound is lost. 
Now, when the length of a-6 is one quarter of an inch, the strength 
of the diverted current passing through the telephone used would 
only amount to the one twenty-thousandth (sooon) of that circulat- 
ing through the battery. But I have now to note a very puzzling 
circumstance. Sometimes, under conditions I have not been able | 
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to determine, the crepitating sound was found not to cease even 
when } and a were brought together, but continued to be heard 
when the one wire, B, was moved upon the other A, at c. Here 
there can be no dynamic current produced in the long wire. I 
shall not detain you with my speculations on the subject ; but I 
shoulu mention that the wire was very imperfectly insulated. _ 
The second experiment gives an interesting practical example of 
the interference of one pair of telephones with another pair, due to 
the splitting up of currents. The rough diagram, fig. 2, will serve 
to explain the arrangement. A and A’ constitute one pair of tele- 


C B 
60 


Fig. 2. 


phones, the single connecting wire measuring 60 feet ; B and B’ are 
another pair of telephones—these are connected by a copper wire 
270 feet long ; for the return currents the gas pipes and earth are 
employed. The gas pipes are indicated by dotted lines; M and M’ 
are gas metres belonging to different houses ; and P and P’ are the . 
gas mains in different streets, and at a direct distance apart of about 
400 feet. It will be observed that the gas pipe from C to M is 
common to the two circuits. Now, it was soon noticed that when 
the battery-sounder was made use of at A, it caused a sounding not — 
only in A’, as intended, but also in B, sufficiently loud to be heard 
several yards off if attentively listened for. This noise was, of 
course, due to a derived current splitting off at C, and making the 
long circuit round by B, B’, M’, possibly to the gas main P’, and 
thence to P and back by M, where it rejoins the principal current 
on its way to A. And using the battery at any one of the tele- — 
phones causes more or less noise in all the four. But the small 
amount of sound produced by such straying currents is not likely 
to cause confusion. | 

The Telephones used with the Battery-Sounder.—If it were — 
attempted to use the sounder in combination with telephones con- 


structed in accordance with Professor Bell’s instructions—that 1s, 
VOL, IX. | 5A 


fe 
it 
Pp | 
if 
7 
~ 
4 
| 
- 
| 


710 Proceedings of the Royal Society 


having coils so long as 180 feet of wire so thin as No. 36—com- 
parative failure would result from the very great resistance offered 
to the current. We must try to do with coils offering an insignifi- 
cant amount of resistance. 

I find that the mode of arranging the parts of the telephone has ~ 
a great influence on the efficiency, and the construction I have 
found up to the present time to be the best is as follows :—Taking 
a 3-inch horse-shoe magnet, I break off about half an inch from one 
leg; the nick made to indicate the north end is usually at about 
this distance from the extremity, and the breaking of it there is an 
easy operation. I then round the unbroken end on a grindstone, 
and next gum a strip of thin paper round that leg, and upon the 
paper coil the desired length of silk-covered wire. Taking next a 
piece of wood 4 x 4 inches or 4 x 5 inches, and half an inch thick, a 
hole 2 inches in diameter is cut cleanly through it, and crossing the 
hole is fixed, in letter T fashion, another piece of wood 4 x 3 inches ; 
on this latter piece the magnet is laid with its south or coil-covered 
end projecting centrally into the hole, and it is fixed down by one 
screw passing through a small cross piece of wood placed above it. 
This admits of after-adjustments being very readily made. The 
_ ferrotype plate, 2} inches in diameter, is laid as a cover over the 
outer aspect of the 2-inch hole, and secured there by the usual ring 
of wood which constitutes the ear or mouth piece. 

With such an instrument placed at A, fig. 2, and another tele- 
phone at A’, I have experimented on the length of coil needed. 
Four or five feet of wire gave very satisfactory results, speaking 
being heard distinctly, and with sufficient loudness. I then tried 
shorter and shorter lengths, and found the volume of sound to 
become reduced certainly, but in a surprisingly small degree; and 
at last I carried the shortening so far, that only 44 inches remained 
as a coil, and though the sound with this fragment was much 
reduced, giving the voice a far-away character, conversation could 
still be carried on, I did not think it necessary to push the reduc- — 
tion further, having become convinced that no very great length of 
wire was needed for the coil to secure distinct hearing, at least for 
short lines, say of quarter of a mile or less. And for the present I 
have adopted a length of 9 feet of No. 28 wire (weighing 6 grains 
per foot length) as a satisfactory coil, presenting a resistance of only 
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one-third of an ohm, in place of the twenty or thirty ohms when the 
coil is made up of 180 feet of the much finer wire. 

I have had no opportunity of satisfactorily testing the limits to 
which the sounder is restricted, but it would probably work well 
enough when the resistance did not exceed ten or fifteen ohms per 
Daniell cell, A marked advantage is usually found to attend the 
sending of the currrent in that direction, which increased the power 
of the magnets of the telephones. And in using the sounder a little 
skill will elicit a considerably augmented effect. 

The principle of split currents may be applied to other purposes ; : 
it might offer a ready method of communicating with two adjoining 
stations on a railway from any intermediate point—that is to say, 
at any point between the two extreme telephones we could attach a 
battery or a telephone for sounding to, or communicating with, the 
attendants at the extreme telephones ; or, if a battery be permanently 
included anywhere in the circuit, a wire alone, at any point on the 
line, offers the means of sounding the telephones at both stations, 
the wire being so used as to form an intermittent connection — 
between the earth and the telephone line; and this might perhaps 
be practicable even from a train in motion, the ongne and rails 
ng part in the earth connection. 


2. An Account of some Experiments on the Telephone and 
Microphone. By James Blyth, M.A. 


Dr M‘Keypricxk stated, that by applying the microphone or 
carbon-interrupter of Hughes to the membrane of a phonograph, he 
had succeeded in using the latter as a transmitting instrument. 
With such an arrangement, speech could be heard in the distant 
telephone even after it had become inaudible near the phonograph. 
He also mentioned that a tambour of Marey, used in physiological 
experiments, spoke distinctly when the fine point at the end of the 
lever was applied to the marks on the tinfoil of the phonograph. 
When a tube was carried from the tambour to the ear, distinct 
speech could be obtained from phonographic tracings on copper foil, 
which were scarcely perceptible to the eye. This method also got 
rid of the difficulty of having the tinfoil impressions quickly rubbed 
out, as happened when the stillette of the phonographic membrane | 
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was employed. He also introduced to the Society a phonograph 
made by Messrs Macgillivray and Scobie of Glasgow, which, for 
loudness, was superior to any one he had yet heard. 


3. Note on a Variation of the Microphone. By : 
R. M. Morrison, D.Sc. 


Following out a suggestion made by Mr Seabrook in Nature of 
May 30th, I mounted the three carbon blocks of Professor Hughes’ 
microphone on, not as Mr Seabrook recommends, a plate of 3 inches 
diameter, but on a ferrotype plate about 6 inches by 4. This plate 
formed = of the top of a box, thus— 


Plate 


This form I found to be extremely sensitive, as a piece of cotton 
wool 4 inch in diameter falling through 1 inch made a loud sound 
in the telephone. When the plate was lightly brushed by a camel’s 
hair brush the sound produced in the telephone could be heard a 
yard away. A small clock placed on any part of the table on which 
the microphone stood could be heard distinctly ; also a tap on the 
table, or even walking on the floor, each step producing a clang in 
the telephone. On speaking into the open part of the box the 
words spoken were distinctly and loudly heard in the telephone, 
notwithstanding the difficulty of hearing words spoken by one’s self 
at the same time. : 


4. On the Action of Heat on some Salts of Trimethyl-Sulphine. 
Part II. By Prof. Crum Brown and J. Adrian Blaikie, B.Sc. 


(Abstract.) 


In the former paper on this subject, the authors stated that 
when hyposulphite (thiosulphate) of trimethyl-sulphine is heated 
to about 135° C., it loses sulphide of methyl to the extent of 23-58 
per cent., the salt at the same time fusing to a clear colourless 
liquid. On cooling, this solidifies to a hard, very hygroscopic crys- 
talline mass. 
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Analysis agrees with the formula 
(CHs),8 
on, 
The solution of the substance does not decolourise iodine solution. 
These results point to : | 


} 
CH,—s 5°» 


as the probable rational formula of the substance. 

Sulphite of Trimethyl-Sulphine. —This salt was obtained by the 
action of sulphurous acid on the hydrate. It crystallises well, but — 
there is some difficulty in preparing a perfectly normal salt. The 
salt, as nearly normal as possible, does not, like the hyposulphite, give 
up its water of crystallisation in the cold over anhydrous phosphoric 
acid ; at 140° C., however, it becomes anhydrous. Heated to 175° 
C. it gives off sulphide of methyl—8-3 grammes lost 2:32 grammes, 
or 27°95 per cent. On cooling, the clear liquid residue solidifies, 
forming a hard, very hygroscopic crystalline mass. This substance 
was so deliquescent that no analysis of it was made. The mode of 
formation leads to 

(CH;),8 
CH, } 80, 


as its most probable formula. 
Note received on July 24, 1872.—In order to ascertain the nature — 
of the crystalline substance obtained by the action of heat on the 
sulphite of trimethyl-sulphine, the authors converted it, by double 
decomposition with iodide of potassium, into the corresponding 
potash salt, which was purified from the iodide of trimethyl-sulphine 
by crystallisation. This potash salt was found to agree in pro- 
perties and composition with the “sulpho-metholate,” or “ methyl- 
sulphonate” of potash— | 


The bearing of this fact on the constitution of ‘the sulphites is 
obvious. | 


} 
i 
t 
i 
7 


714 Proceedings of the Royal Society 


5. On a Class of Determinants. Ey Mr J. D. H. Dickson, 
Tutor of St Peter’s College, Cambridge. 


6. On the Wave-Forms of Articulate Sounds. By Professor 
Fleeming Jenkin, F.R.S., and J. «\. Ewing, B.Sc. 


(Abstract. ) 


By the help of the phonograph we have continued the investiga- 
tion described in a previous Communication (Proc. R.S.E., p. 582), 
and have now obtained about two hundred magnified traces of the 
-phonographic records of vowel sounds spoken and sung by various 
voices, and of these sixty-five have been already subjected to har- 
monic analysis, extending as far as the sixth partial tone. In each 
case the results have been accepted as satisfactory only when, after 
the magnified trace had been obtained, the record on the tinfoil of 
the phonograph still gave the vowel sound satisfactorily. Our 
attention has hitherto been almost exclusively directed to the vowels 
u (the vowel sound in “food,”) and o (as in “ oh,”) both of which 
are well spoken by the phonograph. The results, which are still 
incomplete, are briefly as follow :— 

When a vowel sound is continuously sung without change of 
pitch or quality, the wave-form produced is of remarkable constancy, 
showing that the compound sound doés not contain any, or at least 
any important, constituent which is inharmonic to the prime tone. 

A naturally high man’s voice, with the comparatively small range 
f to f’ saying u at any pitch throughout its range, produced a wave- 
form which was substantially a simple harmonic curve of length 
corresponding to the pitch. The upper partials, when present at all, 
were present only very feebly. Thus u sung on 0b gave a prime 
whose amplitude was 25 (in the unit of measurement used), the second 
partial was only 0°8, the third 1-1, and the others — y 
small. 

When the same voice spoke o anywhere throughout the same 
range, it produced a trace which in every case consisted of a strong 
prime and a strong second partial (that is to say, the octave of the 
prime), the higher partials being feeble or absent. Experiments on 

this part of the scale with various voices proved that the proportion 
which the amplitude of the prime bore to the amplitude of the 
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second partial might vary greatly at any one pitch, although the sounds 
were all sung or spoken as 0, and received by the ear as (generically) 
that vowel. For example, on 0 one voice gave the ratio of prime 
to second as 1 to 0°87, while another voice on the same note gave 
the ratio 1 to 18. In any one voice there is not very much change in 
the ratio in passing from note to note. When the pitch is as high ~ 
as d’ or higher, the ratio of prime to second is decidedly greater 
than on the lower notes of this range. It is probable that the ratio 
is a minimum for any one voice about the pitch bby but this is a 
point requiring further investigation. We have not yet got any 
satisfactory o’s above 3 

When, however, the investigation was carried lower in the scale 
by help of voices of a wider range, several much less simple pheno- 
mena presented themselves. Voices capable of singing bass, when 
singing w down the scale gave the usual] simple harmonic from above 
a; but, at or near that note a remarkable change suddenly took 
place in the wave-form given by the vowel sound wu. At that point 
it became a duplex wave, with a very small prime, which corre- 
sponded to the pitch, and an immensely strong second partial, the 
ratio of amplitudes being somewhere about 1 to 4. This form 
continued as the voice went down the scale ; but in addition to the 
very strong second partial a weak third appeared, which became 
pretty strong on c. We cannot say that we have got true and 
articulate u’s at any lower pitch. 

_ The voice of small range mentioned at the beginning of this paper 
continued to give the single simple harmonic form for « down to 
f, below which it could not go. Two other voices experimented 
with agreed in making the change at or near a. 

The excessive weakness of the prime in the lower, or what we 
call the duplex, form of wu shows how weak a prime tone may be 
as compared with its | upper partials, and yet fix the musical pitch. 
It also shows how small even the prime may be when not reinforced 
by oral resonance. The primes of the duplex w’s, even when 
loudly uttered, were absolutely as well as relatively much weaker 
than those uf the o’s already described. __ 

The experiments with u seem to point to the conclusion that so 
long as the simple form is given the mouth cavity is adjusted so as 
to reinforce the prime exclusively, whatever be the pitch, When 
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_ the duplex form is reached the cavity must be suddenly changed so 
as to be approximately if not exactly in unison with the sevond 
partial. A voice singing w up the scale may sometimes carry the 
duplex form as high as 6), but the vowel quality of an w so spoken 
is apt to approach 0. When attempts were made to slur either up 
or down, past the place at which the change occurred, one or other 
of two things took place—either the sound died away almost 
completely while the critical point was being passed, or the vowel 
quality changed form w to o foraninstant. This has been observed 
both directly and by examination of the magnified phonographic 
record, in which either an almost blank space or the well known 
wave-form of 0 might be seen. 

An examination of the sound o through the lower regions of the 
scale, and by the help of several bass voices, did not show any such 
sudden change as took place in uw, but the number of partials con- 
spicuously present became more and more numerous as the pitch fell. 
The third partial began to appear about 7f, and on d and e the 
prime second and third were all strongly present, the prime being 
the weakest of the three, and the second the strongest. On c the 
fourth partial was moderately strong, the third stronger, the second 
stronger still, and the prime weaker than any. The first four par- 
tials were all conspicuous on B. On Bb the fourth was much 
stronger than any of the others, and the prime was the weakest of 
the lower ones. The same description applies to A. On G the 
fourth was still much the strongest, and the fifth appeared weakly. 
The lower ones were weak. On F the fifth was much the strongest, 
but the prime, second, third, and fourth were all distinctly present. 
We have not got any trace good enough for analysis below F. We 
reserve the numerical result for more detailed publication. 

The bearing of our experiments on the theory of vowel 
sounds is very important. For a considerable range it will be 
seen that the constituents of o and u might be simply described, 
with no reference whatever to absolute pitch—the wu always being 
a simple tone, and the o a compound of two simple tones an 
octave apart. 

When, however, certain limits are passed, phenomena appear 
which are evidently connected in some way with an absolute pitch. 
It seems, however, that this connection is rather due to the neces- 
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sities of the mouth than to the requirements of the ear ; for, as stated 
above, one voice will give a simple harmonic curve for wu, while 
another gives (at the same pitch) a double curve for a sound which is 
intended for the same letter in the same language, and which is at least 
generically the same vowel. This fact suggests that the mouth, 
being unable to shape itself so as to continue the simple form of the 
letter, adapts itself in some way so as to produce what may perhaps 
be termed an imitation. It is by no means impossible that this 
imitation may in some cases be produced by a recurrence to the 
form used for the same letter at a higher pitch. If this be so, then 
the hypothesis of a constant cavity for a given vowel sound would 
be-true for the letter « when pronounced on notes an octave or a 
twelfth apart, although not for intermediate notes. 

When we examine the sound o we find less necessity for insisting 
on recurrence or any tuning of the mouth cavity. A fair approach 
to the phenomena observed might be obtained by assuming a constant 
mouth cavity, having a pitch of maximum resonance near 0’, as 
stated by Helmholtz, and reinforcing tones over a large range of 
nearly two octaves—from f” to f, or thereabouts. There are, how- 
ever, some peculiarities ‘in the constituents which suggest that the o 
cavity may also be adjustable. Our results are not inconsistent — 
with the assumption that the cavity is slightly altered or tuned so 
as to bring the maximum resonance approximately into unison with 
that upper partial of the prime sung which lies nearest to b’). This 
hypothesis would allow us to diminish the very large range of rein- 
forcement which the constant cavity theory requires, although even 
an adjustable cavity must still reinforce tones over a considerable 
range. Further experiments are required to determine how the 
mouth actually produces the results obtained, but is clear that the 
idea of relation between the constituents must be combined 
with that of absolute pitch in any complete vowel theory. The 
relation may, however, depend for some vowels, though hardly 
for uw, on the simple range over which the. reinforcement 
acts, The pitch of maximum resonance in the o cavity given 
by Helmholtz is 0’?, and this, on either hypothesis, agrees well - 
with our results. It is either the pitch of maximum resonance of 
the constant cavity, or the pitch near which the upper and strongest 
resonance is to be found, where the cavity is tuned. It may be 
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observed that, in the case of this letter, possibly the idea of a 


tuned cavity may be true for singing, and that of a constant cavity 
for speech. 


7. On the Electric Conductivity of the Bars employed in his 
Measurements of Thermal Conductivity. By Prof. Tait. 


The following Gentleman was duly elected a Fellow of the 
Society 
esi Dr J. J. Krrx Duncanson, 8 Torphichen Street. 


Monday, 7th Tume 1878. 
sir WY VILLE THOMSON, Vice-President, in the Chair. 


The following were — 


1, On the Biliary Secretion, with Reference to the Action 
of Cholagogues. Part II. By Professor Rutherford, 
and E., and M. Vignal. 


(Abstract. ) 


The method of experiment by which the following results have 
been obtained has been described in the abstract of Part I., pub-— 
lished in the “ Proceedings” February 1877. All the experiments 
were performed on dogs. In the previous abstract the 2ffects of 29 
different substances were briefly stated :— 


30. Dilute nitro-hydrochloric acid is a hepatic stimulant of consi- 
derable power. | | 

31. Jaborandi is a very feeble hepatic stimulant. 

32. Calabar bean stimulates the liver, but not powerfully, unless 
it be given in very large doses. 

33. Atropia sulphate antagonises the effect of Calabar bean on 

the liver, and thus reduces the hypersecretion of bile produced by 

that substance. It does not, however, arrest the biliary secretion ; 

and when given alone, does not notably. affect it. 


34, “ Menispermin,” a resinous matter obtained from the Yellow 
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Parilla, does not stimulate the liver. It slightly stimulates the . 
intestinal glands, 

_ 35. “Baptisin,” a resinous matter derived from the Baptisia 
tinctoria, is a hepatic and also an intestinal stimulant of consider- 
able power. 

36, “ Phytolacein,” a resinous matter prepared from the Phyto- 
lacca decandra, is a hepatic stimulant of considerable power. It 
also slightly stimulates the intestinal glands. 

37. Sodium Benzoate is a powerful stimulant of the aie It 
does not stimulate the intestinal glands. 

38. Ammonium Benzoate stimulates the liver, but not quite SO 
powerfully as the sodium salt of benzoic acid. It does not stimulate 
the intestinal glands, 

39. Benzoic acid stimulates the liver, but owing to its insolu- 
bility, its action is less -— and much less powerful than that of 
its salts, 

40. Sodium Salicylate is a volute hepatic stimulant. It does 
not notably stimulate the intestinal glands. 

- 41, Ammonium Phosphate is a moderately powerful stimulant of 
the liver. It is not an intestinal stimulant. | 

42, Tannic acid does not affect the biliary secretion. 

43, Hyosciamus does not notably affect the biliary secretion, and 
does not prevent such a stimulant as sodium salicylate from aug- 
menting it. | 

44, Morphia does not affect the biliary secretion, and does not 
prevent the stimulating effect of such a substance as sodium sali- 
cylate. 

_ 45. Pure diluted alcohol does not affect the biliary secretion. 

46. Potassium iodide does not affect the biliary secretion. 

47. Veratrum viride has no notable effect on the biliary secretion. 

48, Manganesium sulphate is not a hepatic stimulant. It power- 
fully stimulates the intestinal glands, and like other purely purga- 
tive agents, such as magnesium sulphate and gamboge, it indirectly 
lowers the biliary secretion. 

49, Ailanthus glandulosus is an intestinal but not an a 
stimulant. 

50. Acetate of lead see or diminishes the biliary secretion, 
probably by a direct action on the liver. 
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51. “Hydrastin,” a resinous matter, prepared from the root of 
the Hydrastis canadensis, is a hepatic stimulant of considerable 
power. It also slightly stimulates the intestinal glands. 

52. “Juglandin,” a resinous matter, prepared from the root of 
the Juglans cinerea, is a hepatic stimulant of considerable power. 


It also slightly stimulates the intestinal glands. — 


Thus, by means of a new and precise experimental method, the 
physiological pharmacology of one of the most important organs of 
the body has been in this research worked out as far as at present it 
appears desirable to proceed, and knowledge that is definite and 
reliable, because obtained by a method of accurate measurement, 
after the elimination of disturbing factors, has by this research been 
substituted for the vague traditions of the past. 

The effects of fifty-two medicina] agents upon the liver have been 
investigated, and the vast majority of the conclusions are in complete 


harmony with the results of clinical observation. Very many new 


facts are, however, given to the physician, and even as regards well- 


known substances, our knowledge of their effects on the liver is 


now of a character very different from that which previously ob- 
tained, 

All the experiments alain to the bile-secreting and not to the bile- 
expelling mechanism. The authors do not intend to investigate the 
effects of medicinal agents on the latter, as this point appears to - 
them one of very minor importance compared with the —— of | 
the above research. 


The following remarks indicate the position in pharmacology of 


the above results. Of necessity, the influence of fa drug upon a 
diseased state is the ultimatum of pharmacology, and every experiment 
upon a healthy bodily system, whether of man or animal, is merely 
ancillary to experiments with the drug in disease. Having discovered 
that this or that drug stimulates the healthy liver of a dog, we do 
not infer that it must also stimulate the human liver in health, and 
still less do we conclude that it must also have this action in disease. 


__ The experiments on the healthy liver of the dog, on the normal and 


on the abnormal human liver, are three sets of experiments closely 
related, but still distinct. The facts derived from any one of the 
three sets cannot be substituted for those of the other two. Each 
set of facts has its own proper place. The above research, therefore, 
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leaves it to the clinical observer to experiment on man with such 
substances as sodium benzoate, sodium salicylate, baptisin, eaonymin, 


sanguinarin, &c., and thereby to ascertain whether or not these . 


substances also stimulate the human liver; and of necessity it is also 
left to him to ascertain in what diseased state the employment of 
this or of that substance is most advantageous. 


Other general conclusions have been already stated at the close of 
‘Part I. | 


2. On a New General Method of Preparing the Primary 
_-Monamines. By R. Milner Morrison, D.Sc. 


3. On the Preparation and Properties of Pure Graphitoid and 
Adamantine Boron, By R. M. Morrison, 2. Sc., and R. 
Sydney Marsden, B.Sc. 


4, On Colour in Practical Astronomy, spectroscopically 
examined. By Professor Piazzi Smyth. 


Monday, 1st July 1878. 
Sir WYVILLE THOMSON, Vice-President, in the Chair. 


The following Communications were read :— 


1. On the Disruptive Discharge of Electricity. By Alexander. 


Macfarlane, D.Sc., and P. M. Playfair, M.A. 
(Abstract. ) 


During the months of May and June of this session, we have 
endeavoured to investigate certain questions suggested by our 
experience of the discharge of electricity through the gases and 
through oil of turpentine. | 

Ordinary paraffin-oil, when used as a dielectric,.exhibits the same 


phenomena as oil of turpentine. Gas is liberated by the passage 


of the spark, and at the same time carbon is deposited. Once 


produced, the gas bubbles make the passage of the spark more easy 


through bringing the electrified surfaces nearer to one another; hence, 
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in taking a series of observations, it is necessary to get rid of the 
bubbles after the passage of each spark. They were attracted gene- 
rally to the positive surface, but sometimes to the negative. The 
attraction was more marked when no jars were attached to the 
Holtz; it was not so powerful as in oil of turpentine, and was gene- 
rally in the opposite direction. | 

The electrostatic force required to pass a spark through a layer 
of paraffin oil or of turpentine is constant, whereas it is variable in | 
the case of air and other gases. For the observed differences of 
potential plotted with respect to the thickness of layer give a 
straight line through the origin, while in the case of the gases the 
curve is concave. | 

The electric strength of the paraffin oil used was found to be 4, 
of the turpentine 3°7 ; air being unity. 

To investigate the effect upon the electric spark of heating the 
- electrodes, we constructed electrodes of thick platinum wires placed 
at right angles to one another—a suggestion we owe to Professor 
Clerk Maxwell. When one of the wires was heated by a current 
| from a battery of four Bunsen elements, the electrometer deflection 
was diminished by about one-fourth of its amount, and that 
whether the wire heated was positive or negative. A similar 
diminution was observed when the deflection for continued sparks 
was taken. This diminution of the difference of potential must be 
due to change at the surface of the wire; for the air between the 
wires (the shortest distance between the wires being 4 millimetres) 
- cannot be so much rarefied by the heating of the wire as to produce 
the effect. | 
We have also investigated the effect upon the electric spark of 
heating the air round the discs, the pressure being kept constant. 
We have observed the deflections of the electrometer for a 
constant spark for temperatures from 20° C. to 280° C., and find 
that they indicate a curve, which slopes down gradually as the 
temperature is increased, while the deflections during cooling give a 
curve which is somewhat lower at the lower temperatures. 

It appeared an important matter to ‘ascertain whether the 
electrometer used in all these observations gives deflections strictly 
proportional to the inducing charge. To calibrate it by means of 
cells would have required a very large number ; hence the following 
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method suggested by Professor Tait was adopted. A charge was 
put upon the inducing ball of the pair on the stand, and the 
deflection read ; the charge was then divided by bringing an equal 
ball into contact with the inducing ball, the deflection read, and so 
on. The deflections were so nearly halved each time, that we may 
infer that they are strictly proportional to the charge on the inducing 
ball. We had arranged to verify our former observations in this 
matter last Thursday forenoon (27th June) ; but as the deflection 
on the scale always fell in the negative direction, and went toa 
great distance beyond the proper zero when the dividing ball was 
brought into contact, we gave it up. This effect was, doubtless, due 
_ to a strong negative electrification of the air; for the thunderstorm 
came on immediately. | 


2. On the Wave Forms of the Vowel Sounds produced by the 
Apparatus exhibited by Professor Crum Brown. By 
Professor Fleeming Jenkin, F.R.S., and J. ‘A. Ewing, B.Sc. 


At a recent meeting of the Society, Dr Crum Brown exhibited a 
gutta percha bottle of irregular form, which, when applied as a 
resonance cavity to reeds of various pitches, gave very good imita-: 
tions of certain vowel sounds. By closing certain apertures in the 
side of the bottle it could be made to say A (“father”), A (“awe”), 
O (“oh”), and I (“machine”). When the cavity was kept con- 
stant, and the pitch of the reed was altered, the same vowel con- 
tinued to be given. Dr Crum Brown was good enough to lend us 
the apparatus, in order that we might investigate the sounds given 
by the bottle in the same way as we have been investigating certain 
human vowel sounds, by obtaining and magnifying phonographic 
traces, and then subjecting them to harmonic analysis as far as the 
sixth partial tone. Of the vowels which the bottle speaks, O is the 
only one which we have fully examined in this way when spoken 
by the human voice, and we have confined our attention to it nang. 
the artificial vowels also. 

By using reeds of various pitches we hae obtained curves or traces 
of the artificial O’s sufficiently good for harmonic analysis on the 
following pitches :—e, Sh 9 b, c', e'b, and e. The pitch was in 
each case determined by measuring the length of the traces. The 
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vowel quality of the sounds, as repeated by the phonograph, was 
exceedingly good, even better that the original sound, as the jarring 
noise of the reed was lost. The sounds were thoroughly recognis- 
able as O, of perhaps a somewhat bright species. The table below 
shows the amplitude of the successive partial — along with their 
absolute pitch to the nearest semitone. : 


& 
IL. | 7:3] |6-8| |,9°0} gf | 5:2) | 4:5] | eb” | 8-1] 
IIT.| 8-9; | 2-8) cf" | 4:8] d" | 0-8 | 72" | 0°5| g" |-0-2| bb” | 0-1 | 
IV. | 21] | 1:0] | 1°6| g" | 0°38] | | 0-3 | eb” | O-1| 
V. | 0°6 | gf" | 0°3 | bb" | | 0:3 | | g” | 0-1 | gt” 


| 8" | 0-2] 0 | 0-2] | 0-1 | 0-2 | 


It cannot be said that these figures show any specially strong 
resonance on or close to bh’, which Helmholtz gives as the proper 
tone of O, but they do show a wide range of resonance, extending a 
- long way above and below that pitch. There is distinct reinforce- 
ment as high as g”, or even gf’, and as low ase’, if not lower, and 
partial tones falling — between these limits are more or less 
reinforced. 

The above analysis appears to show that a strong resonance on or 
near bb’ is not essential to O, and that this vowel effect may be satis- 
factorily produced by other joint resonances above and below that 
pitch. 

In a previous « communication we pointed out that if the view be 
adopted that the constituents of the O’s, sung at various pitches by a 
human voice, are due to the reinforcement caused by a constant oral 
‘cavity, the results of our analyses showed that this cavity not only 
has the property of strongly reinforcing tones close to bb’, but must 
also be capable of strengthening, more or less, tones widely distant 
from that pitch, and extending over a large range. The analysis of 
the artificial O’s now shows that a constant cavity may possess the 
latter property in quite.a sufficient degree. | | 


1 2 3 4 5 6 
One. | On Ong. | Ond | Onc. | One. | One. 
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In order, however, to test this still further, we made the following © 
experiment. A tube consisting of a piece of cane of the same size 
as one of the reeds was put into the neck of the bottle in place of 
the reed, and the side apertures of the bottle were closed so as to 
arrange the cavity for the vowel sound O. The end of the tube was 
then inserted in the ear, so that the whole apparatus acted as a 
resonator to sounds from outside. Then, striking the keys of a 
piano in succession, we observed what notes gave the peculiar 
humming effect due to reinforcement by the resonator. On working 
down the scale the resonance first became appreciable on  . 
then got stronger and stronger down to f” and e”, which were both 
intensely and nearly equally strong. eb” and d” were a little weaker, 
_ but still very strong, and on cg” the resonance again became very 
intense. c’ was a little weaker, but also very strong. The reson- 
ance continued as the pitch fell, being sometimes stronger and 
sometimes weaker. g’ and f#’ were both strong,—decidedly stronger 
than could be accounted for by the reinforcement of their second 
partials g” and fg". jf’ was weaker,—so much so that the resonance 
observed on it might be due to the second partial. 

The presence of the upper partials in the notes struck made this 
method of testing the resonant qualities of the cavity inapplicable 
to pitches below those named. But the above cases, in which the 
reinforcement was distinctly of the prime, sufficed to show that the 
cavity would strengthen any tones between gt” and FA’, at least, 
some more and some less strongly, while they left it an open ques- 
tion whether there was not resonance down to a lower limit of abso- 
lute pitch. Of course, it is to be observed that the bottle, when 
applied to the ear in the manner described, might differ in its 
resonant peculiarities from the same bottle applied to a reed, but its 
range is probably as great in the former case. 

When the bottle was arranged for the vowel sound A, and tested 
in the same way, the resonance was perceptible as high as e’", and 
the highest maximum occurred on c’”. In this case also there was 
reinforcement over a range of at least an octave. 

Traces of the wave forms of the artificial O’s spoken of in this 
paper will be given along with those of other O’s when the full 
account of our work is printed. 
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3. Notes on the Fungus Disease affecting Salmon. By A. B. 
Stirling, Assistant Conservator of the Anatomical Museum 
in the University of er. Communicated by Pro- 
fessor Turner. 


It is widely known that a destructive epidemic has this nave 
appeared among the salmon of the rivers Eden, Esk, and Nith. 
The mortality among the fish has been so great as to cause consider- 
able alarm among proprietors, salmon commissioners, taxmen, 
anglers, and the general public. 

_ The newspapers inform us that within three days the watchers — 
have taken out of the Esk as many as 350 dead salmon. All who 
have examined the fish carefully, agree in referring the disease to 
the presence of a fungoid growth. | 

The other fish in those rivers, as the smolts, trout, eels, lampreys, 
minnows, pike, and flounders, are also said to be attacked in a 
similar way to the salmon, and fears are entertained that the disease 
may become thoroughly established in the district. 

In these circumstances, I have thought it might be interesting to 
describe the condition of some of the fish which have come under 
my observation. In March last my friend Dr Philip Hair of Car- 
lisle sent me the fin of a salmon which had been affected by the 
disease, and requested me to state if possible its nature. Unfor- 
tunately, the fin was in a putrid condition when it reached me, and 
as a result of the examination, I could only state to Dr Hair that 
the disease was probably afungoid one. A few days later I received 
from Dr Hair a fine specimen of a trout, but it was not stated 
whether the fish was taken alive or picked up dead. It was, how- 
ever, quite fresh, and the effects of the disease were painfully 
exhibited on the carcase. A hurried examination of this specimen 
enabled me to inform Dr Hair that the disease was due to what I 
had previously suspected, namely, a fungoid growth. 

While examining this specimen, I observed entangled among the 
fronds of the fungus foreign matter of various kinds, namely, torulz 
or yeast fungus, triple phosphates, fecula, human hairs, hairs of the 
cat and the mouse, also desmids, diatoms, shreds of d yed wool and 
cotton, with other fragments of matter unknown to me. Respecting 
the torule, I, in my letter to Dr Hair, asked if their presence could 
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be accounted for by bakeries or breweries in Carlisle, whose eee 
might have got into the river. 

My letter was published by Dr Hair in the Curlisle Journal of 
March 29th, and in the Field newspaper of March 30th, and as 
worded it might have been inferred that I regarded the presence of 
bakeries and breweries as the cause of the disease. This was of 
course not intended. On 12th April I received two salmon and a 
trout from J. Dunne, Esq., chief constable of Cumberland and West- 
moreland, all of them in a diseased condition. Mr Dunne requested 
me to make an examination of those fish, and hoped, on public 
grounds, that I might be able to discover the true nature and cause 
of the disease. | 

As a result of my examination of those fish I sent a preliminary 
report to Mr Dunne. This report was forwarded to the Fishery 
Inspectors, and was considered of so much importance that it was 
published in the Times and many of the provincial and _ local 
newspapers. Sir Robert Christison had also very kindly supplied 
me with a number of specimens from the river Nith, all of them 
affected with this disease. An examination of these has confirmed 
me in the opinion expressed in the report above referred to. All 
these fish had the disease in an advanced stage, being more or less 
affected about the head, chin, branchiostegal rays, and fins in every 
instance. One salmon had rubbed the chin till the lower jaw had 
nearly separated at the symphysis, the skin was rubbed off the 
branchiostegal rays, and the rays broken; a trout had the upper 
left jaw bare of skin, the bone worn and hanging loosely attached 
to the cheek, the pectoral fin of the left side in rags, and the rays 
worn to stumps. 

Another salmon had the skin rubbed off the nose and crown, and 
the matted fungus covered the bare parts; the dorsal fin was quite 
destroyed, the strong anterior rays being reduced to stumps of half 
an inch in length, and the remains of the fin bare, bleached, and 
without membrane. Beneath the dorsal fin on each side were 
spaces extending 3 inches forward towards the head, and 2} inches 
backwards toward the tail, thickly covered with the fungus 
Besides these there were other spaces on the sides of the fish from 1 
inch to 2 inches in diameter, all covered by the meee which gave 
the fish a spotted appearance. 
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This fish appears to have been alive when taken, as the skull and 
brain had been punctured by the fisherman. The greater part 
of this fish was cooked; it was very firm and fat, and the three 
persons who made a meal of it pronounced it capital. I tasted a 
portion of the flesh from a part where the fungus covered the skin, 
and could not detect anything different in the flavour from an 
ordinary fishmonger’s salmon. 

‘The fungus appears, in the first instance, to attack those parts of 
the fish that are not covered with scales, as the crown, nose, sides 
of the head, chin, throat, and the membranous parts of the fins. 
‘From those parts the fungus extends by vegetative growth (which 
seems very vigorous), to those portions of the surface of the body 
which are covered with scales. On the sides of the fish where 
small patches of the fungus were situated on the scales (and no 
rubbing had taken place) no sore could be detected, and the fungus 
was easily wiped off with the finger. 

I may also mention that all the fish which I received from the 
- Eden river, both trout and salmon, were infested with tape-worms 
of a large size, the worms being about 2 yards in length and ,3,ths 
of an inch in breadth. One of the salmon had from 60 to 80 yards of 
those worms in the pyloric portion of the gut. Another salmon had 
three varieties of worms in various parts of its alimentary canal. 
1st. In the stomach were many round worms, about 4 inches in 
length, tapering to each end, and as thick as ordinary whip-cord in 
the thickest part of the body ; many of those worms were entangled 
among the gill rays, it being their habit to crawl there when the 
fish dies, ard from their presence in this situation they are called 
gill worms by the fishermen. 2d. A small spiral worm, which 
attaches itself, by burrowing in the outer walls of the intestine, in 
the fat and pyloric appendages. 3d. Tape-worms seated within the 
pylorus and intestine. 

On 30th May, I received from Sir Robert Christison a large 
salmon from the Nith. This fish was believed to have been to the 
sea, after being attacked with fungus, and was captured on 
its return. The specimen was a female, and had the roe about 
one-fourth grown; the viscera were very healthy, and no entozoa 
were found init. The head of this female is peculiar in having a 
kip on the under jaw, and a cavity in the upper jaw to receive it, 
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as in the male fish of the species. The right side of the head, 
including the eye and nose, was very deeply rubbed and the bones 
injured, but no fungus adhered to the injured part. The pectoral 
fin on the same side had no membrane, the rays being bare, broken, 
and separate from the muscles at their roots. There were several 
patches on both sides of the fish, from which the scales were rubbed 
off, but no fungus adhered to the rubbed parts. In several of those 
rubbed parts, although the skin was unbroken, a portion of the 
muscle, corresponding in breadth to the external injury, and half an 
inch in depth, was in a pulpy condition ; beneath other rubbed spots 
the muscle was quite sound. The dorsal, ventral, caudal, and anal 
fins were all more or less injured by rubbing. No fungus adhered 
to any of the fins except the anal, the rays here being reduced to 
stumps of an inch or half an inch in length, on which a thickly 
~ matted covering of fungus is seated. The branchiostegal rays are 
very slightly rubbed, and are the only other part of the fish on 
which the fungus remains. In my report to the Fishery Commis- 
sioners in April last, I stated that the fish did not die of the fungus, — 
but of the injuries they inflict by rubbing in trying to rid them- 
selves of the pest. As some objection was taken in regard to | 
this statement, I quote, in corroboration of my views, from a letter 
published in the Field of 25th May last. The letter was written by 
Commander Duncan Stewart, R.N. He says :—“ In regard to the 
disease from which salmon are suffering in some of our rivers, it may 
be of advantage that I should mention what I observed in a small 
river at the head of Castrie’s Bay in Siberia. I found the river 
rather low, but with plenty of clear running water. But what 
astonished me was to see thousands of salmon in all stages of disease 
and death, some darting away, but soon stopping to rub the side on | 
‘the bottom or on a rock; others were constantly rubbing, others 
unable to rub. Im those last cases large sores, from the size 
of a shilling to that of a half crown, of a most filthy appearance, 
were always present. Fish in which the scales had been rubbed off 
would try to get out of my way, but I could kill them with a 
stick; those with the skin gone would rub themselves against 
my trousers.” | 

Supposing this salmon from the Nith had been to the sea, and 
had while there got rid of the greater part of the fungus with 
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which it was affected, it had returned to the river in such a 
mutilated condition, and with unhealed sores of such a nature, as in 
all likelihood would have ultimately proved fatal. Besides, the fact 
that the fungus was not killed by the salt water, but was found in 
a highly vigorous condition on the parts to which it still adhered, 
gives but small hope of any permanent benefit to diseased fish from 
a visit to the sea. | 

The fungus belongs to Saprolegniex, a natural order of doubtful 
affinity—said to have the habits of moulds and fructification 
alge, This order consists of the genera saprolegnia and achlya, 
which are great enemies of fish and other animals preserved in 
aquaria. 

The filaments of the fungus arise free from the outer surface of the 
epidermic layers of the fish, having neither branches nor articulations. 
They are tubes, the walls of which are perfectly translucent, and in 
their interior at irregular intervals are small groups of fine isan 
matter. 

The majority of the filaments are spear-shaped at their upper 
terminations, and appear to be barren. 

The prolific filaments, on the contrary, enlarge at their upper 
extremities, and form elongated club-shaped chambers, in which 
granular matter gathers. In the midst of this granular matter small 
round bodies appear, and those enlarging, gradually develop into 
spores. The prolific filaments apparently contain more granular 
matter, and are of greater calibre than the other filaments. They are 
evidently destined from the first to be the propagating media, _ 

The spores escape by an opening in the summit of the chamber. 
This aperture is not an original opening. It is produced in a some- 
what remarkable manner—so long as the spores are unripe and unfit 
for expulsion, a slender continuation of the filament projects from 
the apex of the chamber in manner similar to the neck of a bottle. 
At the point at which this joins the spore-sac, there is a slight 
contraction, which goes on gradually increasing in depth. Ultimately, 
when the spores are fully matured it drops off, and the aperture is 
formed. The filaments forming the mycelium of the plant are 
tortuous and branched ; they ramify in the mucous and epidermic © 
layers of the fish; they do not penetrate the corium where there 
are no scales. In other situations they never reach a greater 
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depth than the outer surface of the scales ; they are tubular, the 
whole plant being without septa forms a single individual of 
apparently indefinite extent. The spores are variously shaped at 
different stages, ovate and kidney being the commonest forms. They 
are very minute, and require a power of 450 to observe them well. 
The cilia are two in number, a longer and a shorter one, and are 
situated at the long axis of the spore. They are difficult to observe, 
and always disappear in permanently mounted preparations, although 
the spores themselves remain unaltered in all other respects. When 
the fungus is stained with logwood or picric acid, excellent 
permanent preparations can be got. It has been stated that the 
fungus dies with the fish. I have not found this to be the case; on 
the contrary, all my observations have been made from dead fish. 
Some of the specimens sent me from Carlisle by Mr Dunne were 
- Inis-sent to Aberdeen, and returned to me on the seventh day after 
the death of the fish, and yet I have scores of permanent prepara- 
tions from these specimens, which show distinctly the characteristic 
form of saprolegnia ferax. 

I have also found the fungus perfectly identical in all the 
specimens I have examined, which consist of salmon, sea trout, and 
river trout from the Eden, and salmon and grayling from the 
Nith. 

It has also been said that a salt solution destroys the fungus, 
“which melts in the solution like sugar in water.” On the contrary, 
salt and water is an excellent preservative of saprolegnia ; masses of 
it before me as I write have been in a salt solution for two months, 
and it remains unaltered. Further, the salmon captured in 
the Nith, which is believed to have gone to the sea in order to 
get rid of the fungus, had the fungus growing vigorously on several 
parts of its body. The fungus must either have instantly attacked 
the fish on its return to the river, or not have been destroyed during 

its stay in the salt water. | 
' Regarding the cause of the disease, I can offer no opinion further 
than that some functional condition of the fish seems necessary for 
the propagation of the fungus. The germs of saprolegnia ferax 
must exist at all times, and in many places; and if so, there must 
be a reason why fish are not constantly affected with the fungus and 
in every river. I am persuaded that the condition of the fish 
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isin some way either suitable or unsuitable for the propagation 
and growth of the fungus, Whether this arises from too high 

or too low condition, I am quite unable to say ; but I may remark 
that while some of the fish examined were in the kelt stage, others 


were in a condition perfectly fit for food. 
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Saprolegnia ferax parasitic on the Salmon. 


a. Barren filament. 0. Prolific filament. c¢. Prolific filament, more highly 
magnified. | 


4. On some New Bases of the Leucoline Series, Part I. 
By G. Carr Robinson. 


5. On the Crystallisation of Isomorphous Salts. 
By G. Carr Robinson. 


It is generally stated that isomorphous salts are capable of crys- 
tallizing together in any proportions, or that the isomorphous 
elements which enter into them are capable of replacing one another 
in any proportion; eg., potash alumina alum and potash iron 


alum can crystallise together in all proportions. 
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_ Hauer * states that mixed crystals of alumina and chrome alum 

grow in a solution of ammonia iron alum; and, again, he states} — 
that the more soluble isomorphous salt completely hinders the solu- 
tion of the less soluble, so that if solutions of common alum, chrome 
alum, and iron alum be mixed, precipitation of the less soluble 
alums will occur. | | 

The present paper is the result of some experiments made with 
the four alums—potash alumina, ammonia alumina, potash chrome, — 
and ammonia iron. 

The solutions of the two first, potash alumina and ammonia 
alumina, were obtained by saturating water at 100° C. with the 
salts, and pouring off the mother-liquor from the crystals that de- 
posited on cooling. 

_ The chrome alum solution was obtained by saturating water with 
: the alum at a temperature carefully kept below that at which the 
green modification of chrome alum is produced. 

Whilst the solution of iron alum was made by saturating water, | 
acidulated with sulphuric acid, with the alum, at about 50° C. 

The following experiments were then made and observed :— — 

a. When a crystal of potash chrome alum is placed in a solution 
of potash alumina alum exposed to the air, the chromium is turned 
out by the alumina, the interior of the crystal becomes granular, 
whilst a clear shell of alumina alum grows over it, the faces of 
which are finely striated. 

b. When potash chrome alum meal is added to a solution of 
potash alumina alum in a well-closed bottle, and kept at very nearly 
a constant temperature, the chrome alum dissolves, but no replace- 
ment takes place. 

c. When a crystal of potash chrome alum is placed in a solution 
of ammonia alumina alum exposed to the air, the ammonia alumina 
alum grows on it, there being on!y very slight replacement. 

d. Potash chrome alum meal added to solution of ammonia 
alumina alum in well-closed bottle, and kept at very nearly | a con- 
stant temperature, no change takes place. 

e. Ammonia iron alum grows on crystals of potash alumina alum. 

f, Ammonia iron alum grows on crystals of potash chrome alum. 

* “ Sitzungsberichte,” Imperial Academy of Sciences, Vienna, 1860, xxxix. 


+ “ Sitzungsberichte,” Imperial Academy of Sciences, Vienna, 1866, liii. 
VOL, 1X. 
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g. When a crystal of ammonia iron alum is placed in a solution of 
ammonia alumina alum, replacement goes on ites A slowly, rust at 
the same time being thrown down. - 

h. Potash chrome alum grows on crystals of potash alumina alum. 

d%. If a crystal of ammonia iron alum be placed in a solution of 
potash chrome alum, the iron alum is turned out, whilst a skeleton 
in chrome alum of the original crystal is left; if this skeleton be 
placed in a solution of ammonia alumina alum, the latter alum 
grows on it, completing ” form of the original crystal of ammonia 
iron alum. | 


6. On a New Method for the Separation of Yttrium and Erbium 
from Cerium, Lanthanum, and Didymium. Part I. By 
J. Gibson, Ph.D., and R. M. Morrison, D.Sc. 


The method for the separation of these two groups hitherto in use 
was first proposed by Berzelius, and has been followed by almost 
‘all chemists who have investigated these earths, For the details of 
this method we must refer to his ‘‘Handbuch;” but we may briefly 
state that it depends on the relative solubilities of the double sul- 
phates of these metals with potassium in a saturated solution of 
potassic sulphate. The yttrium and erbium double sulphates are 
said to be easily and completely soluble, while the double sulphates 
of cerium, lanthanum, and didymium are said to be perfectly 
insoluble. Wishing to prepare pure salts of yttrium and erbium, 
in order if possible to obtain the metals and to determine their 
specific heats, we tried this method, and found that, although it is 
a good rough: method, the separation is by no means complete. 
We repeated the separation six times, but never obtained the 
earths pure, the spectroscope always showing the characteristic 
_absorption-spectrum of didymium, provided we examined a suffi- 
ciently thick layer of a saturated nitric acid solution. The incom- 
pleteness of this method is indeed acknowledged by Bahr and 
Bunsen in their well-known paper on these metals,* The test 
given for the presence or absence of these two groups by. these 
chemists was the presence or absence of the absorption-spectra of 
didymium and erbium respectively. We found, however, that 


* Ann. d. Chem. u. Phar. exxxvii. 
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not only are the double sulphates of the didymium group some- 
what soluble in a saturated solution of potassic sulphate, but that 
some erbium, if not also some yttrium, is precipitated. Repetition 
of this process fails to remove the last traces of the didymium 
group. | 
After trying various modifications of this method, some of which 
gave better results, notably boiling the double sulphates with the 
saturated potassic-sulphate solution and filtering hot, we determined 
to look for another method, none of these variations being suffi- 
ciently good. 
We have obtained better results by the following method. 
“After having extracted as much as possible of the didymium 
group by the old method, the earths are dissolved in nitric acid, 
and to this solution a large excess of a solution of carbonate of 
ammonia is added, and the whole allowed to digest for a day ina 
Closed flask, the precipitate being frequently shaken up. The 
liquid is then filtered and the undissolved residue washed. On 
_ acidifying the filtrate with hydrochloric acid, and adding oxalic 
acid, a precipitate is obtained which, on ignition, yields the oxides 
of yttrium and erbium, free from, or only containing the merest 
trace of, lanthanum or didymium, which may be removed by a 
repetition of the process. Any cerium originally present goes 
into solution, and must be removed by boiling a solution of the 
sulphates with carbonate of magnesia. The undissolved residue of 
the carbonate of ammonia solution still contains yttrium and 
erbium carbonates, but is much richer in didymium, and must be 
treeted with a fresh portion of carbonate of ammonia solution. , 
It is essential that the ammonium carbonate solution be neither 
too concentrated or too dilute, as in the first case some lanthanum 
and didymium dissolves, and in the latter the carbonates of yttrium = 
and erbium, after dissolving, crystallize out as double salts, leaving — 
almost nothing in solution. The strength we found most suitable 
was about half saturated. 
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7. On certain Effects of Periodic Variation of Intensity of a 
Musical Note. By Professor Crum Brown and Pro- 
fessor Tait. 


Recent discussions as to the nature of vowel-sounds have led us 
- to make experiments (partly with an apparatus constructed some 
years ago for the same purpose) upon the effect of a periodic varia-— 
tion of intensity of a simple tone. 

It is obviously impossible to secure a simple harmonic variation, 
so we endeavoured to produce a displacement varying as 


1 —cos mt. 


. An organ-pipe, giving a tone very free from harmonics, was 
sounded on one side of a partition in which were cut a series of 
large holes. These were opened and shut periodically by a revolving 
disc cut into separate sectors. The form of the holes was calculated 
on the rough assumption that the intensity of the sound passing 
through them was at each instant proportional to the uncovered area 
of the openings. This may be approximated to in many ways, most 
simply by making the holes approximately square or of rhombus 
form, with one diagonal radial, and the corners at the ends of that 
diagonal somewhat rounded off. 

Supposing the adjustment perfect, the result should have hie the 


disturbance 


(1 - cos mé#) cos nt, 
or 


cos nt - 4 cos (m +n)t } cos(m- nyt. 


Thus, in addition to the tone given by the pipe, there should be two 
others of the order of summation and difference tones. The result 
was tested very easily by the help of resonators. Standing in 
front of the openings in the partition, the observer applied a 
resonator to each ear, and the pipe giving the tone whose number 
of vibrations was the arithmetical mean of those of the tones of the 
resonators was sounded on a small organ, and the disc made to 
rotate with gradually increasing velocity. The resonators were | 
found to be affected simultaneously. 

The experiments, as we made ihem, succeed much better with 
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low notes than with high—because, though the rotating apparatus 
always produces a siren effect, the intensity of this effect is very 
small at low speeds. A very curious case occurs when m=n (6, 


the siren giving the same note as the pipe), for then the first har- 
monic comes in very marked. 


8, Note on a Mode of Producing Sounds of very great 
intensity. By Professor Tait. | 


Two years ago I had an opportunity of making from the deck of the 
steamer ‘ Pharos” some observations on the performance of the fog- 
siren at Sanda, off the Mull of Cantire. The instrument is worked — 
by air at about 14 atmospheres pressure; and, though driven by a 
powerful air-engine, sounds for 7 seconds only per minute, One 
obvious defect of such an arrangement I saw to be the waste of 
energy in producing a current of air through the trumpet of the 
siren along with the oscillations. It then occurred to me that a 
regular alternation of puffing and sucking—exactly analogous to the 
air-disturbance produced by a drum—must be a much less costly 
source of sound. I have since constructed a siren on this double 
action principle, the air in the trumpet, which acts as a resonator, 
- being put alternately in connection with reservoirs of compressed 
and rarefied air. The small model has given very good results, and 
‘a larger one is in progress. The only defect which my model 
showed was a waste of energy in the form of pulsations in the 
tubes. leading to the exhausted receiver and to that containing 
- compressed air. This can be very greatly reduced, but I do not 
yet see how to get rid of it entirely, unless it be possible to make 
both receivers so exactly as to act as additional resonators to the 
siren. If this can be carried out in practice there will be no 
energy spent except in sound. It is obvious that the principle just — 
described is approximated to in practice whenever steam is employed 
in a siren :—the vacuum being produced by the condensation of the 
steam. 

Another device of a somewhat different character was suggested 

to me by the experiments described in the preceding paper. After — 
trying, without much success, to reduce the intensity of the siren 
notes by filing the edges of the apertures, it occurred to me that I 
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might usefully intensify them. I therefore had copper plates 
soldered perpendicularly to the revolving disc, so as to increase 
instead of diminishing the virtual thickness of the edges of the 
apertures. The result was very striking. Such a siren gives a 
sound whose intensity is not sensibly increased by a powerful blast 
from an organ bellows. It produces strong currents of air through 
the holes in the fixed disc, whose direction in genera] depends upon 
the direction in which the rotating disc is made to revolve; and 
especially does so when the copper plates are inclined to the surface 
of that disc. When the discs are both furnished with these plates, 
turned in opposite directions, the result is still more striking. 
Various other modifications have occurred to me, and are now 
under trial, especially one for producing currents alternately in 
opposite directions through the holes. 

By bringing up a flat plate towards the instrument, the quality 
of the sound is altered in a remarkable manner, and to such an 
extent that it seems well adapted for rapid Morse-signalling. As 
this instrument requires no work to be spent except in turning it, 
a very large number may be kept continuously at work at once by the 
same expenditure of power as is required for the. intermittent roaring 
of a single fog-siren. | 
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Donations to the Library of the Royal Society during 
Session 1877-78, 


I, TRANSACTIONS AND Procrsepines oF LEaRNED SociErizs, 
ACADEMIES, ETC. 


American Association. See United States. apart: 
Amsterdam.—Flora Batava. Afbeelding en Beschrijving van Neder- 
landsche Gewassen, aangevangen door wijlen Jan Kops 
hoogleeraar te Utrecht, voortgezet door F. W. van Eeden. 
Afleveringen 237, 238, 239, 240. Leyden. 4to.—From 
the King of Holland. 
Linnzana, in Nederland aanwezig. Tentoongesteld, op. 10, 
Jan. 1878, in het Kon. Zool. Genootschap. “ Natura Artis 
Magistra.” 
Rede ter Herdenking van den Sterfdag van Carolus Linnzus 
uitgesproken door C. A.J. A. Oudemans. 1878. 8vo.— 
From the Society. 
Elementary and Middle-Class Instruction in the Nether- 
Jands. 1876. 8vo.— From the Royal Commission of the 
Netherlands. 
Baltimore—Peabody Institute. Eleventh Annual Report. June 
1, 1878.—F rom the Institute. 
Basel.—Verhandlungen der Schweizerischen Naturforschenden 
| Gesellschaft. 59 Jahresversammlung. J shreshericht, 
1875-76. 8vo.—From the Society. 
Berlin. —Monatsberichte der konigl. Preussischen Akademie der 
Wissenschaften zu Berlin. Jun. 1877-Jun. 1878.— 
From the Academy. | | 
Abhandlungen der kéniglichen Akademie der Wissenschaften 
aus dem Jahre 1876. 4to. | 
Die Fortschritte der Physik in Jahren 1872, 1873, darges- 
tellt von der physikalischen Gesellschaft zu Berlin. 
XXVIIL, XXIX. Jahrgangen. Berlin, 1876-78.— 


From the 
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Bern.—Mittheilungen der Naturforschenden Gesellschaft, aus dem 
Jahre 1876. Nrs.906-922. 1877. 8vo.—Fromthe Society. 

Beitrige zur Geologischen Karte der Schweiz. Die Sentis- 
Gruppe, von A. E. v.d. Linth. 1878. 4to.—From the 
Swiss Government. 

Bombay.—The Journal of the Bombay Branch of the Royal Asiatic 
Society, 1876, and extra Number, 1877. 8vo.—From the 
Society. 

The Meteorology of the Bombay iitliiie: By Charles | 
Chambers. Lond., 1878, 4to.—From the Indian Govern- 
ment. | 

Bonn.—Verhandlungen des Naturhistorischen Vereines der Preus- | 
sischen Rheinlande u. Westfalens. Jahrg. XX XIII. und 
XXXIV. 1877. 8vo.—From the Association. 

Bordeaux.—Meémoires de la Société des Sciences Physiques et 
Naturelles. 2de Série, Tome II. cahier 2. 1878. 4to. 
—From the Society. 

Boston.—Memoirs of the Boston Society of Natural History. Vol. 

| II. Part IV. No. 5. Boston, 1877. 4to. . 

Memoirs of the Boston Society of Natural Society. Vol. IT. 
Part IV., Nos. 5, 6. 1877-78. 4to. Proceedings. 
Vol. XVIIL, Parts 3 and 4; XIX., 1,2. 1876-77.— 
From the Society. 

Proceedings of the American Academy of Arts and Sciences. 
New Series, Vol. IV. From May 1876 to November 
1876. Boston, 1877. 8vo.—From the Academy. | 

Brera.—Osservatorio di. See Milano. 

British Association.—Report of the Forty-sixth Meeting of the 
British Association for the Advancement of Science, held 
at Glasgow in September 1876. London 1877. 8vo.— 
From the Association. | 

Brussels.—Bulletins de ’ Academie Royale des Sciences, des Lettres 
et des Beaux-Arts. Tomes XLII, XLIII., XLIV,, 
XLV. 1877-78.—From the Academy. 

Notices Extraites de Annuaire de l’Observatoire Royal de 
Bruxelles, pour 1875 et 1876. 2 vols. 12mo. 

Annuaire de JObservatoire Royal de Bruxelles, 1877. 

Année. Brux.1876. 12mo. 


‘ 

i 
| 
4 
} 
d 
‘ 


of Edinburgh, Session 1877-78. 741 


Brussels.—Annales de l’Observatoire Royal de Bruxelles, publiées 
| par l’Astronome, E. Quetelet. Tomes XXIII., XXIV., 
XXV.—From the Observatory. 
Essai sur la Vie et les Ouvrages de L. A. J. Quetelet, par 
Ed. Mailly. Bruxelles 1875. 8vo.— From the Observatory 
Les Perséides en 1874, Aurores Boréales du mois d’Octobre 
1874. 8vo.—From the Observatory. | 
Annales de la Société Scientifique de Bruxelles. ia I, 
IL, et IIL, fase. 1. 1875-78. 8vo.—From the Society. 
Buenos Ayres.—Anales de la Oficina Meteorologica Argentina. 
Tomo I. Clima de Buenos Ayres. 1878. 4to.—From 
the Argentine Government. | | 
Calcutta.—General Report on the Great Trigonometrical Survey of 


India during 1876-77. By Colonel J. T. Walker. Cal- 
cutta, 1878. Fol. 


Memoirs of Geological Survey of India :-— 
Ser. II. 2. Palazontologia Indica. 
Ser. II. 3. Jurassic (Liassic) Flora of the Rajmohal 
Group. By O. Feistmantel. 1877. 4to. 
Ser. IV. 2. Ganoid Fishes from the Deccan. By Sir 
| P. de M. Grey Egerton. 1877. 
On the genus Ceratodus. By L. C. Miall. 
1878. Ato. 
On the Kota-Maledi Deposits. By W. 
T. Blanford. 1878. 4to. | 
Ser. X. 3. Indian Tertiary and Post- 
Tertiary Vertebrata. Vol. I. 3. 
Crania of Ruminants. By R. Lyddekker. 
1878. | 
Ser. XI. 2. Flora of the Jabalpur Group. By O. Feist- 
mantel. 1877 4to. 
Records of the Geological Survey of India, Vol. X., Parts 
1-4, 1877. 8vo. 
Memoirs of the Geological weeny. of India, Vol. XIIL, 
Parts 1, 2. 
General Report on the Operations of the Great Trigonometri- 
cal Survey of India during 1876-77. By Colonel J. T. 
Walker. Calcutta, 1878. Fol.—From the Survey Office. 
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Calcutta.—Catalogue of Mollusca in the Indian Museum, Calcutta. 
By Geoffrey Nevill.—Fasc. E. Calcutta, 1877. 8vo.— 
From the Trustees of the Museum. 

Journal of the Asiatic Society of Bengal. Vol. XLV. Part 
2, No. 4, 1876; Part 2, No. 1, 1877. Edited by Nat. 
Hist. Secretary. Vol. XLVI. Part 2, No. 2, 1877. 
8vo. | 

Proceedings of the Asiatic Society of Bengal, No. VI. 
January to June 1877. 8vo.—From the Society. — 
Cambridge.—Proceedings of the Cambridge Philosophical Society. 
‘Vol. Parts 1,2. 1876-77. 8vo. 
Transactions of the Cambridge Philosophical Society. Vol. 
XL. Part 3; Vol. XII. Parts 1, 2.—From the Society. 

Cambridge (U.S.).—Harvard College. Memoirs of the Museum of 
Comparative Zoology at Harvard College.—Vol. V. No. 1., 
American Starfishes, by Alexander Agassiz.—Vol. V. No. 
2, Report on the Hydroida of the Gulf-Stream, by Geo. 
J. Allman, M.D., &c. 1877. 4to.—Vol. VI. No. 2, 
Report on the Fossil Plants of the Auriferous Gravel of 
the Sierra Nevada, by Leo Lesquereux. Camb., 1878. 

4to. | | 

- Bulletin of the Museum of Comparative Zoology at Harvard 
College, Cambridge. Vol. V. No.1. 1878. 

Annual Reports of the President and Treasurer and Library 
Committee of Harvard College. 1876-77. 8vo. 
Harvard College Observatory. Annual Report of the 
Director of Harvard College Observatory. November 
1877. 8vo. | 
Annals of the Astronomical Observatory of Harvard College. 
Vol. L. Parts 1,2; Vol. IL. Parts 1, 2; Vol. IIL; Vol. 
IV. Part 1; Vols. V., VI., VIL, VIII. 

Vol. TX. Photometric Researches. 

Vol. X. Observations made with the Meridian Circle during 
- 1871 and 1872, by Professors J. Winlock and William 


A. Rogers. 4to. Cambridge, 1877.—From Harvard 
College. 
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Cape Town.—Results of Astronomical Obinnveiline made at the 
Royal Observatory, Cape of Good Hope, during the 
year 1874, under the direction of E. J. Stone, F.R.S., 


H.M. Astronomer at the Cape. 8vo. 1877.—From the 
Observatory. 


Cherbourg.—Meémoires de la Société Nationale des Sciences 
Naturelle. Tome XX. 8vo. 1876-77.—From the 
Society. 

Davenport, Iowa.—Proceedings of the Davenport Academy of 
Natural Sciences. Vol. II. Part2. January-June 1877. 
—From the Academy. 

Dunecht.—Dunecht Observatory Publications, No. I. Summary of 
Measurements in Struve’s “ Stellarum duplicium et multi- 
plicium Mensurae,” and “ Synopsis Observationum de 
Stellis Duplicibus,” brought up to 1875. | 

Dunecht Observatory Publications, No. II. Mansitins 
Expedition, 1874. Determination of the Solar Parallax 
by Observations of Juno, with Description of Heliometer. 
Ato. Dunecht, 1877.—From the Lord Lindsay. 

Dorpat. —Blumberg (Theodor). Zur Kenntniss der Mutterkorn- 
Alkaloide.. (Inaug. Dissert., Dorpat Univ.) 1878. 8vo. 
Bonwetsch (G. Nathanael). Die Schriften Tertullians nach 
der Zeit ihrer Abfassung. (Inaug. Dissert., Dorpat Univ.) 
1878. 8vo. 

Buch (Max). Zur Kenntniss der peripheren heidi des 
Menschen. (Inaug. Dissert., Dorpat Univ.) 1877. 8vo. 

Dybowski(Wlad). Die Chaetetiden der Ostbaltischen Silur- 
Formation. (Inaug. Dissert., Dorpat Univ.) 1878. 8vo. 

Eichelmann (Otto). Ueber die Kriegsgefangenschaft: eine 
volkerrechtliche Studie. (Inaug. Dissert., Dorpat Univ.) 
1878. 8vo. 

Gordon (Ludwig). Ueber die Messung der Inspiratorischen 
Ausdehnungsfahigkeit der Lungenspitzen. (Inaug. Dis- 
sert., Dorpat Univ.) 1877, 8vo. 

Grube (Oscar). Anthropologische Untersuchungen an Esten. 
(Inaug. Dissert., Dorpat Univ.) 1878. 8vo, 

Hach (Fr.) Ueber Lage und Form der Gebarmutter. 
(Inaug. Dissert., Dorpat Univ.) 1877. 8vo. 
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er —Hirschsohn (Eduard). Chemie der wichtigeren Harze 
Gummiharze und Balsame, (Inaug. Dissert., Dorpat 
Univ.) 1877. 8vo. 

Kessler (Renatus). Versuch ueber die Wirkung einiger 
Diuretica, (Inaug. Dissert., Dorpat Univ.) 1877. 8vo. 

Knieriem (W.) Ueber das Verhalten der im Siugethier- 
korper als Vorstufen des Harnstoffes erkannten Verbin- 
dungen zum Organismus der Hiihner. (Inaug, Dissert., 
Dorpat Univ.) 1877. 8vo. 

Lemberg (J.) Ueber Silicatumwandlungen. toa Dis- 
sert., Dorpat Univ.) 1877. 8vo. — 

Messing (Wlad.) Ueber den Testikel der Saugethiere mit 
Beriicksichtigung des Corpus Highmori. (Inaug. Dissert., 
Dorpat Univ.) 1877. 8vo. 

Meyke (Wilhelm). Beitrige zur Ermittelung einiger Hop- 
fen-Surrogate im Biere. (Inaug. Dissert., Dorpat Univ.) — 
1878. 8vo. 

Miram (Joh. Ed.) Zur Casuistik der spontanen Amputa- 
tionen und ihrer Folgezustinde. (Inaug. Dissert , Dorpat 
Univ.) 1877. 8vo. 

Ostwald (Wilhelm). Volumchemische Studien tiber Affini- 
tit. (Inaug. Dissert., Dorpat Univ.) 1877. 8vo. 

_ Petersenius (E.) Atreus u. Thyestes nach Sophocles, 1877. 

Schroeder (Leop.) Die Accentgesetze der Homerischen 
Nominalcomposita dargestellt, und mit denen des Veda 
verglichen. (Inaug. Dissert., Dorpat Univ.) 1877. | 

Stieda (Wilh.) Die Eheschliessungen in Elsass-Lothringen, 
1872-76. (Inaug. Dissert., Dorpat Univ.) 1878. 

Tiling (G.) Ueber 124 im Serbisch-Tirkischen Kriege im 
Baracken-Lazareth des Dorpater Sanitats-Trains zu Swilai- 
natz behandelte Schussverletzungen. (Inaug. Dissert., 
Dorpat Univ.) 1877. 8vo. 

Tobien (Alex.) Veratrum-Alkaloide. Dissert., 
Dorpat Univ.) 1877. 8vo. | 

Walter (Fried.) Ueber die Wirkung der Sauren auf den 
thierischen Organismus. (Dissert. Inaug., ware Univ.) 
1877. 8vo. 


The preceding Dissertations from the University of Dorpat. 
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Edinburgh.—Fiftieth Annual Report of the Council of the Royal 
‘Scottish Academy of Painting, Sculpture, and Archi- 
tecture. Edinburgh, 1877, 8vo.— From the Aca- 

demy. 

Transactions and Proceedings of the Botanical Society. Vol. 
XIII. Part 1. 8vo.—From the Society. 

Transactiorg. of the Edinburgh Geological Society. Vol. 

TIL. Part 1.—From the Society. 

Transactions of the Highland and Agricultural Society of 
Scotland. Fourth Series, Vol. X. 1878.—From the 
Society. 7 

Journal of the Scottish Meteorological Society. New Series , 
Nos. LI.-LIV.—From the Society. 

Monthly and Quarterly Returns of the Births, Deaths, and 
Marriages registered in the Eight Principal Towns of Scot- 
land. July 1877 7 uly 1878. 8vo.—From the Registrar- 
General. 

Royal Observatory.—Edinburgh Astronomical Observations, 

Vol. XIV. for 1870-77. By Piazzi Smyth, Astronomer- 
Royal for Scotland.—From the Observatory. 

Edinburgh University Calendar for Session 1878-9.—From 
the University. 

Erlangen University.—Beetz (Dr Felix). Ueber Faradisation bei 

Polyarthritis Rheumatica. (Inaug. Dissert., Erlang. Unis.) | 
Leipz. 1876. 8vo. 

Bestmann (H. J.). Qua tatione Augustinus notiones Philo- 
sophie Greece ad Dogmata Anthropologica describenda 
adhibuerit. (Dissert. Inaug., Erlangen Univ.), 1877. 
Svo. 

Bischoff (Otto). Ueber das Verhalten des Epithelkrebses zu 
den quergestreiften Muskeln. (Inaug. Dissert., Erlangen 
Univ.). 1877. 8vo. 

Blay (Vito). Experimentelle Unte rsuchung iiber die 
Wirkung des Gallensauren Natrons auf die Herztthitigkeit. 
(Inaug. Dissert., Erlangen Univ.) 1877. 8vo. — 

Drumm (Dr Aug.). Ueber das Auftreten der Aethyldiacet- 
siure beim Diabetes mellitus. (Inaug. Dissert., Erlangen — 
Univ.) 1877.  8vo. 
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Erlangen University.—Eckstein (Dr Max). Zur Frage der Handels- 

gerichte. (Inaug. Dissert., Erlangen Univ.). 1877. 8vo. 

Erhard (Dr Jul). Ueber Ernihrung der Neugeborenen. 
(Inaug. Dissert., Erlangen Univ.) 1877. 8vo. 

Federschmidt (Hermann). Zur Wirkung des Pilocarpium 
mur. (Inaug. Dissert., Erlangen Univ.) 8vo. 1877. 

Fikentscher (Georg.). Ueber die Wirkung von Adstrin- 

 gentien auf die Gefiisse der Zungenschleimhaut des 
Frosches, (Inaug. Dissert., Erlangen Univer.) 8vo. 1877. 

Finn (Dr Benjamin). Experimentelle Beirtage zur Glycogen- 
und Zuckerbildung in der Leber. (Inaug. Diss., Erlang. 
Univ.) 8vo. 1877. | 

Fleischer (Dr R.). Untersuchungen tiber das Resorptions- 
vermigen der menschlichen Haut. (Inaug. Dissert., 
Erlangen Univ.). 1877. 8vo. 

Geiger (Wilhelm). Die Pehlevi-version des ersten Capitels 
des Vendidad. (Inaug. Dissert., Erlangen Univ.). 1877. 
8vo. 

Hellmuth (Hermannus). De Sermonis Proprietatibus quae _ 
in prioribus Ciceronis Orationibus inveniuntur. (Dissert._ 
Inaug., Erlangen Univ.). 1877. 8vo. 

Helmreich (Georg). Observationes criticae in Galeni de 
Elementis secundum Hippocratem libros. (Dissert. Inaug., 

Erlangen Univ.). 1877. 8vo. 

Keiper (Philipp). Die Perser des Aeschylos als Quelle fiir 
altpersisch Altertumskunde, nebst Erklarung der darin vor- 
kommenden altpersischen Eigennamen, (Inaug. Dissert., 

Erlangen Univ.). 1877. 8vo. | 

Keller (Valentin). Die Volumverminderung des kindlichen 

_ Schidels, bei seinem Durchtritte durch das Becken, 
Inaug. Dissert., Erlangen Univ.). 1877. 8vo. 

Kellermann (Christoph). Die Kartoffelpflanze. (Inaug. 
Dissert., Erlangen Univ.), 1877. 8vo. 

Kopp (Hermann). Untersuchungen iiber die Siuren im 
romisch Camillenol. (Inaug. Dissert., Erlang. Univ.) 
Erlangen, 1877. 8vo. | 7 

Krueger (Otto), Ein Beitrag zur Kenntniss des Laserpitins. 
(Inaug. Dissert., Erlangen Univ.). 1877. 8vo. 
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Erlangen U; niversity. —Lehner (Fr.). Beitrige zur Kenntniss der 


Citraconsiure und ihrer Salze. (Inaug. Dissert., Er- 
langen Univ.) 1877. 8vo. 

Oberst (Max). Bericht iiber die chirurgische Abtheilung des 
_ Krankenhauses Augsburg: (Inaug. Dissert., Erlangen 
Univ.) 1877. 8vo. 

Papilsky (Dr Julius). Ueber die Einwirkung der Blausiure 
auf Kreislauf und Blut. (Inaug. Dissert.) Wiirzb. 1877. 

Pause (Carl Hermann). Ueberdie Nerven der Iris. (Inaug. 
Dissert., Erlangen Univ.) 1877. 8vo. 

Rebs (Heinrich). in Fall von Katatonie. (Inaug. Dissert.) 
Erlangen, 1877. 8vo. 
Rembe (Dr Johannes). Beitrag zur Lehre von der Wirbel- 

spalte. Erlangen, 1877. 8vo. 

Roesch (Ludwig). Beitrige zur Kenntniss des Glycyrrhizins. 
(Inaug. Dissert.) Erlangen, 1877. 8vo. | 

Schmidtlein (Dr Carl). Ein Fall von Anus Praeter- 
naturalis mit Inversion des Darms. (Inaug. Dissert). 
1877. 8vo. | 

Seifert Otto). Beitrag zur Pathologie und Therapie der 
Chorea minor. (Inaug. Dissert., Erlangen Univ.) 1877. 
| 

Sendtner (Rudolf). Ueber einige Verbindungen des Urans. 
(Inaug. Dissert., Erlangen Univ.) 1877. 8vo. 

Siegel (Alb.). Ueber das einfache chronische Duodenal- 
geschwiir, mit Perforation in den Ductus choledochus. 
(Inaug. Dissert., Erlangen Univ.) 1877. 8vo. 

Spruner-Merz (Edmund v.). Ueber traumatische Aneurys- 
men. (Inaug. Dissert., Erlangen Univ.) 1877. 8vo. 

Stein (E.). Ueber die sogenannte Psychische Contagion. 
(Inaug. Dissert., Erlangen Univ.) 1877. 8vo. 

Stover (Karl). Ueber die Entstehung lokaler Tuberkulose 
durch Infection aus kisigen Herden. (Inaug. Dissert., 
Erlangen Univ.) 1877. 8vo. 

Surminski (Bernhard). Ueber die Wirkungeweise des 
Nicotin und Atropin auf das Gefiassnerven-System und die 
Pupille. (Inaug. Dissert., Erlangen Univ.) 1877. 8vo. 
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Erlangen —Waller (Dr Max). Beitrige zur Behandlung der 
Croupisen Pneumonie. (Inaug. Dissert., Erlangen Univ.) 
1877. 8vo. | | 

Wunderlich (Dr Georg). MHeilung der Briiche Schenkel- 
halses. (Inaug. Dissert., Erlangen Univ.) 8vo. 

The preceding Dissertations presented by the University of 
Erlangen. 

Geneva.—Nivellement de Précision de la char exécute par la 
Commission Géodésique Fédérale, sous la direction de 
A. Hirsch et E. Plantamour. 1877. Liv. 6me. 4to.— 

From the Commission. 

Mémoires de la Société de Physique et d’Histoire Naturelle 
de Genéve. Tome XXYV. Partie 1. 4to. 

Rapport du Président de la Société de Physique et d’ Histoire 
Naturelle de Genéve, Mai 1876-—Juin 1877 .—From 
the Society. 

Glasgow.—Proceedings of the Philosophical Society of Glasgow. 
Vol. X. Nos. 1, 2. 1875-1877. 8vo—From the 
Society. 
The Glasgow University Calendar for 1878-79. ‘Caw 
1878. 8vo.—From.the University. 
Gottingen.—Nachrichten von der K. Gesellschaft der Wissen- 
schaften u. der Goong aus dem Jahre 
1877-78. 8vo. 
Abhandlungen der koniglichen Gesellschaft der Wissenschaf- 
ten. Band XXIL vom Jahre1877. 4to.—From the Society. 
Graz.—Mittheilungen des naturwissenschaftliches Vereines fiir 
Steiermark. 1877-1878. 8vo.—From the Association. 
Greenwich.—The Nautical Almanac and Astronomical Ephemeris 
for the year 1881 for the Meridian of Greenwich. Lond. 
8vo.— From the Lords of the Admiralty. | | 

Transit of Venus. Copy of the Report by the Astronomer 
Royal, Sir G. B. Airy, on the Telescopic observations of 
the Transit of Venus, 1874. 1877. Fol.—From the 
Observatory. | 

Haarlem.—Archives Néerlandaises des Sciences Exactes et Naturelles, 
Tome XII. Liv. 1-5, 1877; XIII Liv. 1-3, 1878.— 
From the Society. : 
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Haarlem.—Naturkundige Verhandelingen der Hollandsche Maats- 
: chapij, 3d. Versameling. Deel II. Nos. 6. 4to. 
Mémoire sur les Chromides marins on Pomacentroides de 
l’Inde Archipélagique, par P. Bleeker. 1877. 4to.—From 
the Society. 

Halle. — Mittheilungen des Vereins fiir Erdkunde zu Halle. 1877. 
8vo.—From the Society. | 

Innsbruck.—Berichte des Naturwissenschaftlich-Medizinischen 
Vereines. Jahrg, VII. 1876, Hefte 1.—From the 
Association. 

Jena.—Jenaische Zeitschrift fiir Naturwissenschaft der Medicinisch- 
Naturwissenschaftlichen Gesellschaft zu Jena. Bd. XI. 
Hefte 3,4; Bd. XII, 1,2. 1877-78. 8vo.—From the 
Soctety. 

Kasan.—Reports of the University of Kasan. Nos. 1-6. 1877. 
8vo.—From the University. | 

K iel.—Jahresbericht der Commission zur wissenschaftlichen Unter- 
suchung der deutschen Meere in Kiel. Jahrg., IV., V., 
VI. Hefte 1, 2. 1874-76. Fol—JSFvom the 

Schriften der Universitat zu Kiel aus dem Jahre, 1876. 
Band XXII. Keil, 1877. 4to. 

Die Einweihungsfeier des neuen Universitits-Gebaudes zu 
Kiel, von Dr F. Vohlbehr. October 1876. 8v0.— 
From the University. 

Leeds,—Fifty-seventh Report of the Council of the Leeds Philoso- 
phical and Literary Society, Session 1876-77. Leeds, 
1877. 8vo.—From the Society. 

The Worth of Life: an Address delivered at the Opening of 
the 58th Session of the Leeds Philosophical and Literary 
Society by the Archbishop of York. Lond. 1877. 8vo. 
—From the Society. 

Letpzig.—Annalen der Physik und Chemie, 1877-78. Beiblatter, 
1877-78.—From the Editor in exchange for the Society's 
Publications. 

Leyton, Essex. —Astronomical Observations to the on of 1877, at 
the Observatory of J. G. Barclay, Esq. Vol. III, IV. 

—Ato.—From J. G. Barclay, Esq. 
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Lisbon.—Memorias da Academia Real das Sciencias de Lisboa, 


Classe de Scien. Moraes Politicas e Bellas-Lettras. Tom. 
IV. Pt. 2, 1877. Classe de Sciencias Math., Phys. e Nat. 
Tom. V. Pt. 1, 1875. Jornal de Sciencias Math. 
Tom V. Relatorios das Sessédes. 1875-77. Historia 
dos Estabelecimentos Scientificos, &. Tom. I. a VII. 
Curso de Meteorologia, 1869. Tratado de Optica, 1874. 
Chemica Agricola per Vidal, 1875. Descobrimentos dos 
Portuguesés na Africa, 1877.—From the Academy. 


Liverpool.—Transactions of the Historic Society of Lancashire and 


Cheshire. Third Series. Vol. V. Session 1876-77.— 
From the Society. 

Proceedings of the Literary and Philosophical Society of 
Liverpool. Vol. XXXI. Session 1876-77. 8vo.—From 
the Socrety. 


London.—Proceedings of the Society of ‘Sie of London. 


Vol. VII. Nos. 2, 3. 1876-77.—From the Society. 

The Indian Antiquary: a Journal of Oriental Research in 
Archeology, History, Literature, Languages, &c. Parts 
LXX.-LXXXII. 1877-78. 4to.—From the India Office. 


Memoirs of the Royal Astronomical Society. Vol. XLIII. 


1875-77. Lond. 1877. 4to. 
Monthly Notices of the Royal Astronomical Society. Vol. 


XXXVIII. Nov. 1877 to June 1878.—From the Society. 


Journal of the Society of Arts. 1877-78. 8vo.—From the 
Society. | 

Journal of the Chemical Society. Aug. 1877-78.—From 
the Society. 


Transactions of the Clinical Society of London. Vol. X. 
1877. 8vo.—From the Society. 


Minutes of Proceedings of the Institution of Civil Engineers. — 


Vols. XLIX., L., LIT. 1877-78. 8vo.—From the 
Institution. 


Proceedings of the Geologists’ Association. Vol. V. Nos. 
3,4. 1877. 8vo. | 
Proceedings of the Geologists’ Association. Vol. V. Nos. 


5,6. Nos. 4, 5, 6. Oct. 1877 to April 1878.—From the 
Association, 


J 


Edinburgh, Session 1877-78. 751 


- London.—The Quarterly Journal of the Geological Society. Vol. 
XXXITT. Pts. 3, 4, 1873; Vol. XXXIV. Pts. 1, 2,. 
1878.—From the Society. 

Abstracts of the Proceedings of the Geological Society of 
London. Nos. 340-356. 1877-78. 8vo.—From the 
Society. 

Proceedings of the Royal Geographical — Vol. XXII. 
Nos. 1-5. 1878. 8vo. 

Journal of the East India Association. Vol. X. No. 4; 

XL Nos. 1, 2. 1877-78. 8vo.—From the 

Report of the Kew Committee for the year ending 31st 
October 1877.—From the Committee. 

Transactions of the Linnean Society of London. Second 
Series—Botany, Vol. I. Part 5, 1877; Second Series— 

Zoology, Vol. I. Parts 5, 6. Lond. 1877. 4to. 

Journal of the Linnean Society.— Botany, Vol. XVI. Nos. 
91-97; Zoology, Vol. XIII. Nos. 70-74.—From the Society. 

Proceedings of the London Mathematical Society. Vol. 
VIII. Nos. 112-123; Vol IX. Nos. 124-129.—From 
the Society. 

Proceedings of the Royal Medical and Chirurgical Society 
of London. Vol. VIII. Nos. 5, 6. 

Medico-Chirurgical Transactions, published by the Royal 
Medical and Chirurgical Society of London. Second 
Series. Vol XLII. 1877. 8vo.—From the Society. 

Quarterly Journal of the Meteorological Society. Nos. 23, 
24, 26,27. 1877-78.—From the Society. | 

Quarterly Weather Reports of the Meteorological Office. | 
Part 1, Jan. to March; Part 2, April to June; Part 3, 
July to Sept. 1375. 4to.—From the Meteorological Office. 

Catalogue of the Chiroptera in the Collection of the British 
Museum. By G. Edward Dobson, M.A.—Guide to the 
Department of Natural History and Antiquities, 1878, in 
British Museum.—/7om the Museum. 

Transactions of the Pathological Society of London. Vol. 
XXVIIL Lond. 1877.. 8vo.—From the Society. 

Proceedings of the Royal Institution of Great Britain. Vol. 
VIII. Parts 3, 4. 1877-7 8.—From the Royal Institution. 
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London. —Philosophical Transactions of the Royal Society of London 
for the year 1877. Vol. CLXVIL. Part 1, 1877; Part 
2, 1878. Lond. 1877. Ato. 

Proceedings of the Royal Society. Vol. XXVI. Nos. 182- 
184; Vol XXVII. Nos. 185-188. 1877-78. 

Report of the Meteorological Committee of the Royal Society 
for seventeen months, ending 3lst May 1877. Lond. © 
1877. (c. 1872). 8vo. 

Catalogue of Scientific Papers, 1864-1873, coined and 
published by the Royal Society of London. Vol. VII. 
A.-H. Lond. 1877. 4to.—From the Royal Society. 

Journal of the Statistical Society. Vol. XL. Parts 3, 4, 
1877 ; Vol. XLI. Parts 1, 2, 1878.—From the Society. 

Statistical Report of the Health of the N avy for 1876. 8vo. 
—From the Admiralty. 

Proceedings of the Zoological Society for 1877. Parts 3 and 
4, For 1878—Parts 1, 2. 

Transactions of the Zoological Society of London. Vol. X. 
Parts 1-9. 1877-78. 4to.—From the Society. 

Lyons.— Mémoires de Académie des Sciences, Belles Lettres et 
| Arts. Classe des Sciences, Tomes XXI., XXII. Classe 
des Lettres, Tome XVII. 1875-76, 1876-77. 8vo.— 

From the Academy. 

Annales de la Société Botanique de Lyon. 4me Année, 
1875-76. 5me Année, 1876-77. 8vo. 

Annales de la Société d’Agriculture, Histoire Naturelle et 

Arts Utiles de Lyon. 4me Série, Tome VIII.™e, 1875; 
Tome IX. 1876.—rom the Society. 

Madrid.—Boletin de la Comision del Mapa Geologico de Espaiia. 
Tomo IV. Cuaderno 1. Madrid, 1877. 8vo.— From the 
Commission. 

Memorias de la Comision del Mapa Geologico de Espaiia. 
Descripcion Fisica, Geologica y Agrologica de la Provincia 
de Valladolid por Daniel de Cortazar. Madrid, 1877 
8vo.—From the Commission. 

Madras.— Meteorological Observations at the Observatory of | 

| Madras in the years 1851-55. 4to.—From the Madras 
Government. 
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Manchester.—Transactions of the Manchester Geological Society. 
Vol. XIV. Pts. 11-19. 1877-78. 8vo.—From the 
Society. 

Milano.—Atti della Societd Italiana di Scienze Naturali. Vol. 
XIX, Fase. 1, 2, 3. 1876-77. 8vo.—From the Society. 

Su alcuni Temporali osservati nell’ Italia superiore, estate 
1876. Relazione del Prof. Paolo Frisiani. (Pubblica- 
zioni del Reale Observatorio di Brera in Milano, No. 
XII.). Milano, 1877. 4to. 

Pubblicazioni del Reale Observatorio di Brera in Milano, 
No. XIII. Sopra alcuni Scandagli del Cielo, Annota- 
zioni del Prof. Giovanni Celoria. Milano, 1878. 4to. 

Modena.—Anuuario della Societa dei Naturalisti in Modena. 
Serie IJ. Anno X. Fase. 4; Anno XI. Fasc. 1-4; Anno 
Fase. 1, 2.—From the Socvety. | 

Montpellier.—Académie des Sciences et Lettres. Sect. des Sciences, 
Tome IX. 1, 1877; Sect. des Lettres, -Tome VI. 2, 
1876. 

Moscow.—Bulletin de la Societe Imperiale des Naturalistes de 
Moscou. Année 187 1. 1, 4. Svo.—From | 
the Society. 

Munich.—Abhandlungen der Philosophisch-Philologischen Classe 
der k. Bayerischen Akademie der Wissenschaften. Bad. 
XIV. Abtheil. 1-4, 1877; Bd. XV. Abtheil. 1-2, 1878. 
4to. 


der Historischen Classe. Bd. XIII. Abtheil. 2, 3. 
Minchen, 1877. 4to. 
Sitzungsberichte der Math.-Physikalischen Classe der k. 
Bayerischen Akademie der Wissenschaften. Hefte 1, 2, 3. 
1877. 8vo. 
Sitzungsberichte des Philosophisch-Philologischen und His- 
torischen Classe der k. B. Akademie der Wissenschaften. 
Hefte 1-4, 1877; Heft 1, 1878. Miinchen, 1877. 8vo. 
—From the Academy. 
M: ysore.—Report on the Mysore General Census of 1871. By 
Major A. W. C. Lindsay. Supplement to Mysore 
- General Census of 1871—A to H. 1874. 8vo.—From 
the Government of India. 
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Napolt.—Atti della R. Accademia delle Scienze Fisiche e Matema- 
tiche. Vol. VL Napoli, 1875. 4to. 

Rendiconti dell’ Accademia delle Scienze Fisiche e Matema- 
tiche. (Sezione della Societ’ Reale di Napoli.) Anm 
XIL., XIII., XIV.—From the Academy. 

Neuchatel.—Bulletin de la Société des Sciences Naturelles. Tome 

XI. 1*Cahier. Neuchatel, 1877. 8vo.—From the Society. 

New Haven.—tTransactions of the Connecticut Academy of Arts 
and Sciences. Vol. III. Part 2; Vol. IV. Part 1. 1877- 
78.—From the Academy. 

Oxford.—Astronomical and Meteorological Observations made at 
the Radcliffe Observatory in the year 1875. Vol. XXXYV. 

Oxford, 1877. 8vo.—From the Observatory. 

Astronomical Observations made at the University Observa- 
tory, Oxford, under the direction of C. Pritchard, Savilian 
Professor. 1878.—From the Observatory. 

Palermo.—Bulletino della Societa di Scienze Naturali ed Econo- 
miche. Nos. 2-8. 1877. 8vo. 

Giornale della Societa di Scienze Naturali ed Economiche. 
Anno 1876-77. Vol. XII 4to.—From the Society. 

Memorie della Societa degli Spettroscopisti Italiani. Dis- 

pense 1-7. 1878.—From the Society. 

Paris.—Comptes Rendus Hebdomadaires des Séances de l’Académie 
des Sciences. Aofit 1877; Aofit 1878. 4to.—From the 
Academy. | 

Bulletin de la Société de Géographie. Juillet 1877—Juillet 
1878. 8vo.—From the Society. | 

Bulletin de la Societé Mathématique de France. Tomes V., 
VI. 1877-78. 8vo.—From the Society. 

Annales des Mines. Tomes XI.—-XIII. Liv. 1. Paris, 
1877-78. 8vo.—From the Ecole des Mines. 

Revue Politique et Littéraire, 1877-78. 4to. Revue Scien- 
tifique, 1877-78. 4to.—F vom the Editor in exchange for 
the Society’s Publications. 

Pavia.—Onoranze di Alessandro Volta. 1878. 8vo.—From the 
University of Pavia. 

Philadelphia.—Proceedings of the Academy of Natural Sciences 
for 1877. Parts 1, 2,3. 8vo.—From the Academy. 
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Philadelphia.—Journal of the Academy of Natural Sciences of 
Philadelphia. New Series. Vol. VIII. Part III. 1877. 
4to.—From the Academy. 

Proceedings of the American Philosophical Society held at 

Philadelphia, for Promoting Useful Knowledge. January 

to May 1877. Vol. XVI. No. 99; Vol. XVII. No. 100. 
1877. 8vo.—From the Society. 

-Prag.—Astronomische, Magnetische und Meteorologische Beobach- 
tungen an den K. K. Sternwarte im Jahre 1877. 4to.— 
From the Observatory. 

Rome.—Atti della R. Accademia dei Lincei,—Transunti. Serie 
Seconda—Vol. I, 1873-4; Vol. IL, 1874-5; Vol. III. 
Parte 1875-76. Serie Terza—Vol. 1877-78. 

Memorie della R. Accademia dei Lincei. Serie Prima—Tomi 
IL-XXVI., 1847-73—Memorie e Communicationi. Serie 
Seconda—Vol. L., Vol. IL, Vol. III., Parte Prima. Parte 
Seconda: Memorie della Classe di Scienze Fis. Mat. e Na- 
turali, 1875-76 ; 4to. Parte Terza : Memorie della Classe 
di Scienze Morali, Storiche e Filologiche, 1875-76. Serie 
Terza—Vol. I.; Memorie della Classe di Scienze Fisiche, 
Math. e Nat., Vol. I. Disp, 1™a, 24a, 1877. Memorie della 
Classe di Scienze Morali, Storiche e Filol. Vol. I., 1877. 

Nuovo Statuto della R. Accademia dei Lincei. Roma, 1875. 
4to.—From the Academy. 

St Petersburg.—Bulletin de |’Académie Impériale des Sciences de 
St-Pétersbourg. Yomes XXIV., XXV. 1, 1877. 

Mémoires de ]’Académie Impériale des Sciences de St- 
Pétersbourg. VII¢ Série—Tome XXIV. Nos. 4-11; 
Tome XXV. Nos. 1-4.—From the Academy. | 

Annalen des physikalischen Central-Observatoriums. Jahr- 
gang 1876.—From the Observatory. 

Compte-Rendu de la Commission Impériale Archéologique — 
pour l’année 1875. Fol— From the Commission. 

Jahresbericht der Comité der Nicolai-Hauptsternwarte. 
1876. 8vo.—From the Observatory. | 

Repertorium fiir Meteorologie, herausgegeben von der kaiser- 
lichen Akademie der Wissenschaften, redigirt von Dr 
Heinrich Wild. Band V. Heft. 2. 1877. Supplement 


Band, 1'¢ Halfte. 1877. 4to. 
VOL. IX. 


‘ 
‘ 
| 


756 Proceedings of the Royal Society 


St Petersbury.—Observations de Poulkova. Vol. VII. 1877.— 
From the Observatory. 
Salem, U. S.—Bulletin of the Essex Institute. Vol. IX. Nos. 1-12. 
1877. 8vo —From the Institute. 
Shanghat.—Journal of the North-China Branch of the Royal Asiatic 
Society. New Series, Nos. X., XI. 1876, 1877. 8vo.— 
From the Society. 2 
Stockholm.—Kongliga svenska Vetenskaps-Akademiens Handlingar. 
Ny Foljd. 134 144 Band. 1874, 4to. 
Bihang till Kongl. svenska Veten.-Akad. Handlingar. Bd. 
III. Hifte. 2. | 
Ofversigt af Kong. Vetensk.-Akad. Forhandlingar. 33¢ie 
Argangen. 1876-77. 8vo. 
Minnesteckning ofver Augustin Ehrensvard foredragen pa 
K. Vetensk.-Akademiens Hogtidsdag, Mars 1876, af Fr. 
Waern. 8vo. Stockholm, 1876. 
Iconographia Crinoideorum in Stratis Suecie Siluricis 
Fossilium. Auctore N. P. Angelin. Holmie, 1878. Fol. 
—From the Royal Swedish Academy. 
Meteorologiska Jakttagelser i Sverige, utgifna af K. Svenska 
Vetenskaps-Akademien. Band XVI. 1874. 4to.— 
From the Academy. | 
Sydney.—Journal and Proceedings of the Royal Society of New 
South Wales, 1876. Vol. X. | 
Climate of New South Wales, Descriptive, Historical, and 
Tabular, by H. C. Russell, Government Astronomer. 
Sydney, 1877. 8vo.—From the Society. 
Railways of New South Wales, Report on their Construction 
and Working, 1872-1875, by John Rae. A.M. Fol. 
—From the Government of New South Wales. 
Annual Report of the Department of Mines, New South 
Wales, for the year 1876. Sydney. 4to.—From the 
Society of New South Wules. 
T'urin.—Atti della R. Accademia delle Scienze di Torino. Vol. XII. 
Disp. 1-5. 1876-77. 8vo. 
Annuario dell’ Accademia Reale delle Scienze di Torino 


per l’anno 1877-78. Anno I. 8vo.—From the Aca- 
demy. | 
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Turin.—Bolletino dell’ Osservatorio della Regia Universita di 'l'orino. 
Anno XI. (1876). 4to.—From the Observatory. 
Toronto.—The Canadian Journal of Science, Literature, and History. 

Vol. XV., No. VII. Oct. 1877. 

United States. of the American Association for 
the Advancement of Science, 26th Meeting, theld at 
Buffalo, N. Y., August 1876. 8vo.—/rom the Association. 

Upsala.—Nova Acta Regiae Societatis Scientiarum Upsaliensis. 
Volumen extra ordinem editum ad celebranda sollemnia 
quadringenaria Universitatis Upsaliensis. 1877. lee 
4to.—From the Society. 

Venice,—Atti del Reale Istituto Veneto di Scienze, Lettere ed Arti 
Serie 5, Tom. 3°, Dispense 4, 5t, 6t@, 7ma. ‘Venezia 
1876-77. 8vo.—From the Institute. 

Victoria.—Statistical Register of the Colony of Victoria for the 
year 1876. Pts. 1-6. Victoria, 1877. Fol. 

Agricultural Statistics, 1876-77. Part VII.—Interchange. 
Part VIII.—Law, Crime, &c. Part IX.—Religious, Moral, 
and Intellectual Progress. 1876. Fol. | 

Statistics of Friendly Societies for 1876. Folio.—From 
the Government of Victoria. 

Vienna.—Denkschriften der K. Akademie der Wissenschaften. 
Philos.-Histor. Classe, Bd. XXVI, 1877. Math.-Natur- 
wissensch. Classe, Bd. XX XVII. 1877. 

Sitzungsberichte der K. Akademie Math.-N aturwissensch. 
Classe III. Abtheil. Physiologie, &c., Bd. LXXIIIL, 
Hefte 1-5; Bd. LXXIV., Jahrg. 1876; LXXV., Jahrg. 
1877 ; Abtheil. I. Mineralogie, &c., Bd. LXXIV., Hefte 
3-5, Bd. XXXV. 1877.  Philos.-Hist. Classe, Bde. 
LXXXIL, Heft 3, Jahrg. 1876; Bd. LXXXIII, 
LXXXIV., LXXXV., LXXXVI., LXXXVIL, 1877; 
Mathematisch-Naturw. (Mathematik), Bd. LXXIII., 
Hefte 4-5; Bd. LXXIV., LXXV., LXXVI., Heft 1. 
—From the Academy. | 

Jahrbuch der Kaiserl.-Konig, Geologischen Reichanstalt. 
Jahrg. 1877, Bd. XX VII, Nos. 2,3, 4 8vo. 

Verhandlungen der K. K. Geologischen Reichanstalt. Nos. 
5-10. 1877. 8vo. 
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Vienna.—Abhandlungen der K. K. Geologischen Reichanstalt. 
‘ Band VII., Heft. 4. Ueber Oesterreichische Mastodonten. 
Wien 1877. to. 
K. K. Geologische Reichanstalt. Beitrige zu Kenntniss der 
Flora der Vorwelt. Heft. II. Die Culm-Flora der — 
Ostrauer und Waldenburger Schichten, von D. Stur. 
Wien. 1877. Fol.—From the Institute. 
Verhandlungen der K. K. Zoologisch-botanischen Gesell. 
chaft. Jahrg. 1877. Bd. XXVIL—From the Society. 
Zeitschrift der Oesterreichischen Gesellschaft fiir Meteoro- 
logie. Bde. VI-XII. 1871-77. 8vo. 
Jahrbiicher der K.-K. Central Anstalt fir Meteorologie 
und Erdmagnetismus, Bd. III. 1852, Bd. V. 1853. Neue 
-Folgen, Bd. I. 1864, Bd. IL. 1865, Bd. IIL 1866; 
Bd. IV. 1867, Bd. V. 1868, Bd. VI. 1869, Bd. VIL. 
1870, Bd. VIII. 1871, Bd. IX. 1872, Bd. X. 1873, 
Bd. XI. 1874, Bd. XII. 1875.— From the Society. 
Warwick.—Proceedings of the Warwickshire Naturalists’ and 
Archeologists’ Field Club. 1877, 8vo.—From the Field 
Club. 
Warwickshire Natural History and Archeological Survey. 
-_Forty-first Annual Report, 1877. 8vo.—From the Survey. 
Washington.—Washington Astronomical and Meteorological Observa- 
tions for 1874. Wash., 1877. Ato. 
Continuation of De Damoiseau’s Tables of the Satellites of 
Jupiter to the year 1900. By D. P. Todd. 1876. 4to. 
Investigation of Corrections to Hansen’s Tables of the Moon. 
By Simon Newcomb. Wash., 1876. 4to. | 
Telegraphic Determination of the Differences of Longitude 
in the W. Indies and Central America. By F. N. Green. 
Wash., 1877. to. 
American Ephemeris and Nautical Almanac for 1878 and 
1880. 
A New System of met Arithmetic. By Benj. Peirce. 
1876. Ato. 
The Elements of the Differential Calculus founded on the 
Method of Fluxions. Part Third. By J. M. Rice and > 
W. Woolsey Johnson. Wash., 1876. 8vo. 
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Washington. —Daily Bulletin of Weather-Reports, with the Synopses, . 
Probabilities, and Facts, from May to December 1873, 
and from January 1873 to September 1874. 

Contributions to North American Ethnology. Vol. IL. 
Washington, 1877.  4to. 

United States Geological Survey of the Territories. Miscellan. 
Pub., No. 8. Fur-bearing Animals: A Monograph of the 
American Mustelide. Contributed to the History of 
North American Mammals, by Elliott Coues. Washington, 
1877. 8vo. 

Ninth Annual Report of the United States Geological 
and Geographical Survey of the Territories, embracing 
Colorado and adjacent Territories, being a Report of 
Progress for 1875. 1877. Svo. 

Report of the United States Geological Survey of the Terri- 
tories, By F. V. Hayden, U.S. Geologist in charge. 
Vol. I[X.—Invertebrate Paleontology, by F. B. Meek. 
Washington, 1876. 4to. Vol. XI—Monograph of 
North American Rodentia, by Elliott Coues and Joel 
Asaph Allen. Wash., 1877. 4to. 

Bulletins of the U.S. Geological and Geographical Survey of 
the Territories —Vol. II. No. 2, 1876; Vol. III. Nos. 
1—4, 1877; Vol. IV., No. 1, 1878. Wash. 8vo. 

U.S. Geographical and Geological Survey of the Rocky 
Mountain Region.—Paleontology of the Black Hills 
(Preliminary). By R. P. Whitfield. Wash., 1877. 8vo. 

Geological Survey; Miscellaneous Publications, No. 9, 
Descriptive Catalogue of Photographs of N. American 
Indians. By W. H. Jackson. Wash., 1877. 8vo. 

Microscopical Petrography. By Ferdinand Zirkel. Wash., 
1876. to. 

Report of the U.S. Geographical Surveys, west of 100th 
Meridian, Vol. IV.—Palzontology. Part I.—Report upon 
‘the Invertebrate Fossils in Nevada, ] Utah, Colorado, 
N. Mexico, and Arizona, by Charles A. White, M.D. 
Part II.—Report upon the Extinct Vertebrata in New 
Mexico, by Professor E. D. Cope. 

Barometric Hypsometry: Instructions. 1876. 
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Washington.—Catalogue of Publications of the U.S. Geological 


and Geographical Survey of the Territories. 1877. 

8vo. | | 

Report of the Physics and Hydraulics of the Mississippi 
River ; upon the Protection against Overflow, and upon 
Deepening the Mouths. By Captain A. A. Humphreys 
and Lieut. H. L. Abbot. Wash., 1876. to. 

Report of a Reconnaissance from Carroll (Montana Territory) 
to the Yellowstone National Park, in 1875. By W. Ludlow. 
1876. 

Narrative of the North Polar Expedition, U.S. ship Polaris, 
Capt. C. F. Hall, commanding. Wash., 1876. 8vo. 

United States Coast Survey. Methods, Discussions, and 
Results, ‘Field-work of the Triangulation. Wash., 1877. 
4to. 

United States Coast Survey. Methods, Discussions, and 
Results. Measurements of Terrestrial Magnetism. Second 
Edition. Wash. 1877. 4to. 

United States Hydrographic Office. Navigation of the 
Caribbean Sea and Gulf of Mexico. Vol. I. The 
West India Islands. Compiled by F. M. Green. Wash., 
1877. 8vo. | 

The Coasts of Chili, Bolivia, and Peru. Wash., 1876. 8vo. 

Coasts and Ports of the Gulf of Lyons and Gulf of Genoa. 

_ By H. H. Gorringe and S. Schroeder. Wash., 1877. 8vo. 

List of Lights on West Coast of Africa and the Mediterranean 
Sea. Wash., 1877. 8vo. | 

‘West Coast of Africa. Part III. Wash. 1877. 8vo. 

Bureau of Navigation. List of Charts of North and South 

Atlantic Stations (1877), of Pacific Stations (1877). 

List of Charts of the European Stations, 1877. 

Coast of South Australia; Hydrographic Notice. 8vo. 

List of Lights of English Channel and of British Islands. 
1877. 8vo. 

Sailing Directions for the English Channel. Part II. 
Wash., 1877. 8vo. | 

Discussion of Tides in New York Harbour. By William 
Ferrel. 1875. 4to. 
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Washington.—List of Lights of the Atlantic Coast of Europe, the 
English Channel, and North Sea. Wash., 1877. 8vo. 

Catalogue of Charts, Plans, and Views, published by the 
U.S. Hydrographic Office. Wash., 1876. 8vo. 

Bureau of Navigation. List of Charts for the Asiatic Station. 
1877. Fol. 

Historical Sketch of the U.S. Naval iecling. By Professor 
J. R. Soley. Wash., 1876. 8vo. 

Catalogue of Minerals of the U.S. Naval Academy. 1877. 8vo. 

A History of the Rock Island Arsenal (1863-1876), and of 
Rock Island (1804-1863). By D. F. Flagler. Wash., 
1877. 4to. 

Contributions to the History of Medical Education and 
Medical Institutions of the U.S. By N. S. Davis, M.D. 
Wash., 1877. 8vo. | 

Reports of the Board of Indian Commissioner, 1 875, and of 
Indian Inspector, 1876. 8vo. 

Bulletins of the U.S. National Museum. N o. 4—Birds of 
S.W. Mexico. No. 5—Catalogue of Fishes of the Ber- 
mudas. No. 6—Animal Resources of U.S. No. 7— 
Natural History of Hawaiian and Fanning Islands and 
Lower California. No. 8—Subdivisions of the Class 
Brachiopoda. No. 9—N. American Ichthyology. 

A Manual of the Common Native ‘Trees of the Northern U.S. 
Wash., 1877. 8vo. 

Report upon the Yellowstone National Park. By P. W. 
Norris. Wash, 1877. 8vo.—/From the Government. 

The Royal Society has also received many other publi- 
cations from Washington, chiefly relating to the 
proceedings of Congress and the Civil Service of the 
United States. 

Wellington.—Transactions and Proceedings of the New Zealand 
| Institute. Vol. IX. Part 2, 1876; Vol X., 1877. 
Index to Vols. I.—-III.—From the Institute. 
Maps of the Buller Coal-Field, New Zealand. By W. M. 
Cooper and James Hector, M.D. Geological Survey of 
New Zealand. 1877. Fol—From the Geological Survey 


Office. 
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Wellington. —Twelfth Annual Report of the Colonial Museum and _ 


Laboratory. 1877. 8vo. 
Statistics of the Colony of New Zealand for the years 1875, 
1876, compiled from official abstracts in the Registrar 
General’s Office. Wellington. Fol. 
Wiirzburg.—Die Medicinische Fakultat in Wiirzburg. Ueber die 
Jacobson’schen Organe des Menschen, von A. Kolliker. 
Leipz, 1877. 4to. | 
Kin neuer Wellenzeichner, von A. Fick. Leipz, 1877. 
Ato. 
Die Bosartigkeit der Carcinome dargestellt als. eine Folge 
ihrer Ortlichen Destructivitat, von Dr Georg Eduard 
Rindfleisch. Leipzig, 1877. 4to.—From the Medical 
Faculty. 
York.—Yorkshire Philosophical Society. Annual Report for 1877. 
York. 8vo. 
Communications of the Monthly Meetings of the York- 
shire Philosophical Society. 1876. 8vo.—From the 
Society. 3 
Zurich.—Nouveaux Mémoires de la Société des Sciences Naturelles. 
Band XXVII. Abth. IL 1877. 4to.—From the Society. 
Schweizerische Meteorologische Beobachtungen. 12er Jahrg. 
1875, Lief. 6; 14er Jahrg., Lief. 1,2. Supplementband, 
Lief. 3. 
Schweizerische Meteorologische Beobachtungen. Jahrgang 
XII., 7e Lief., Titel u. Beilagen ; XIII., 5e Lief.; XIV., 
3e Lief.—From the Meteorolog. Central-Anstalt. 


II. From AvtTHors. 


Ardissone (Franc.). Enumerazione delle Alghe della Marca di 
- Ancona. Fano,1866. Fol. 

Le Alghe; Sunto di alcune Lezioni di Botanica Crittogamica. © 
Milano, 1875.  8vo. 
— La Vie des Cellules et l’Individualité dans le Régne Végétal, 
Traduit par André Champseix. Milano, 1877. 8vo. 

Blacker (Rev. Beaver H.). Monumental Inscriptions in the Parish 
Church of Cheltenham, Gloucester. London, 1877. 4to. 
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Buchan (Alexander, Sek. Skot. Meteorolog. Sillsk.) Meteorologiens 
_ Forsta Grunder: Ofversittning och delvis Bearbetning af H. 
H. Hildebrandsson, Adj. vid Upsala Universitet. Upsala, | 
1874. 8vo.—From Professor H. H Hildebrandsson. 
Burmeister (H.) Description Physique de la Republique Argentine. 
Traduite de lAllemand, avec le concours d’ E. 
Tome II. Paris, 1876. 8vo. 
Cheseaux (T. Ph. L.) Remarques astronomiques sur le Livre de 
Daniel. Lausanne, 1777. MS. 4to.—From Dr Handyside, 

Davidson (G.) and Schott (C. A.). Comparison of the Methods of 
determining Heights by means of Levelling, Vertical Angles, 
and Barometric Measures. Washington, 1871. Ato. 

Du Breuil (Guillaume). Style du Parlement de Paris. Paris, 
1877. Fol.—rom the Editor, Paris 

Fayrer(SirJoseph). The Bael Fruitandits Medicinal Properties. 1878, 

Gamgee (Sampson). On the Treatment of Wounds; Clinical Lectures. 
1878. 8vo. 

Gairdner (Prof. W. T.). Two Introductory Addresses—L Lec- 
tures, Books, and Practical Teaching ; II. Clinical 
Glasgow, 1877. 8vo. 

Gray (Robert). The Birds of the West of Scotland, including the 
Outer Hebrides, with occasional Records of the occurrence of 
the rarer species throughout Scotland generally. 1871. 8vo. 

Holmgren (Prof. F.). De la Cécité des Couleurs dans ses — 
avec les Chemins de Fer et la Marine. 

Lancaster (A.). Quelques Remarques & propos de l’Hiver, 1876-77. 
Périodicité des Hivers doux et des Etés chauds. Brux, 
1877. 8vo. 

Listing (Johann B.). Neue Geometrische und Dynamische Constan- 
ten des Erdkérpers; Eine Fortsetzung der Untersuchung :— 
iiber unsere jetzige Kenntniss der Gestals und Grosse der Erde. 
Gottingen, 1878. 8vo. 

Lloyd (Humphrey). Miscellaneous Papers connected with Fegpelen! 
Science. Lond. 1877. 8vo. 

Mainwaring (Colonel G. B.). A Grammar of the Réng (Lepcha) 
Language, as it exists in the Dorjelling and Sikim Hills. 
Calcutta, 1876. 4to. —From the Author. 
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Martius (C. F. P. von). Memoir of C. F. P. von Martius, by 
Charles Rau. Washington, 1871. 8vo. 

Meldrum (C.). Sunspots and Rainfall. Mauritius, 1878. Fol. 

Melsens (M.). De Application du Rhé-électrométre aux Paraton- — 

nerres des Télégraphes. Brux, 1877. 8vo. 

Millar (W. J.). On the Transmission of Vocal and other Sounds by 
Wires. 1878. 8vo. 

Miller (John). Metaphysics ; or the Science of Perception. New 
York, 1875. 8vo. 

Milne Edwards (M.). Legons sur la Physiologie et Anatomie Com- 
parée de Homme et des Animaux faites & la Faculté des 
Sciences de Paris. Tome XII. 2me Partie. Paris, 1876-77. 

Mueller (Baron Ferdinand von), M.D. Fragmenta Phytographize 

Australis. Vol. X. Melbourne, 1876-77. 8vo. 

See Wittstein (Dr G. C.). 

Muir (Dr John). Original Sanskrit Texts on the Origin and His- 
tory of the People of India. 2d Edition. hicons L-ITT. 
872. 

Fourth Set of Metrical ‘Translations from the Sanskrit. 
Edin. 1878. 8vo. 

Neumeyer (M.). La Tempéte du 12 Mars 1876. Brux. 1876. 
8vo. | | 

Plantamour (E.). Recherches Expérimentales sur le Mouvement | 

Simultané d’ un Pendule et de ses Supports. Genéve, 1878. 
4to. | 

Quetelet (E.). Mémoire de la Température de ]’Air & Bruxelles 
1833-1872 (Supplément). 4to.—From the Author. 

Quelques Nombres Charactéristiques Relatifs 4 la Tempéra- 

ture de Bruxelles. Brux. 1875. 8vo. 

Sur la Période de Froid du Mois de Décembre 1875. Brux. 

1875. 8vo. 

Note sur la Température de |’Hiver de 1874-75. Brux. 

1875. 8vo. 

La Tempéte du 12 Mars 1876. Brux. 1876. 8vo.—From 
M. E. Quetelet. — 

Robinson (Charles). The Progress and Resources of New South 
Wales. Sydney, 1877. 8vo. 
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Rossetti (Prof. Francesco). SuiTelefoni senza Lamine. 1878. 8vo. 
Relazione su alcune Esperienze Telefoniche. Venezia, 1878. 
Svo. | 

- Sulla Temperatura delle Fiamme. Venezia, 1878. 8vo. 

Sulla Temperatura del Sole. Padova, 1878. Ato. 

Scheffler (Hermann). Die Naturgesetze und ihr Zusammenhang 
mit den Prinzipien der Abstrakten Wissenschaften. Theil. I. 
Lief. 1, 2; Theil. II. Lief. 1,2. Leipzig, 1876-77. 8vo. : 

Snow (Edwin M.), M.D. Report upon the Births, Marriages, and 

_ Deaths in the City of Providence for 1872. 8vo.—From Dr 
E. M. Snow. 

Stevenson (David). Lectures: Canal and River Engineering, de- 

livered at the School of Military Engineering, Chatham. 
Chatham, 1877. Fol. 

Stevenson (Thomas). Die Illumination der Louchtthiirme : Hine — 
Beschreibung des Holophotal-Systems u. anderer Leuchtthurm- 
Apparaten. Bearbeitet von Chr. Nehls. Hannover, 1878. 
8vo.—From the Author. | 

Tennant (Colonel J. F.). Report of the istillons for, and Ob- 
servations of the Transit of Venus as seen at Roorkee and 

-Lahore on December 8, 1874. Calcutta, 1877. to. 

Terby (F.) et Quetelet (E.). Aréographie ; ou Etude sur l’Aspect 
de la Planéte Mars. 1874. 8vo. 

Tommasi (Donato), Riduzione dei Clorati in Cloruri senza J’inter- 
vento del preteso Stato Nascente dell’ Idrogeno. 1877. 8vo. 

Sul!’ azione della cosi detta Forza Catalitica s pe secondo 
la Teoria Termodinamica. 1878. 8vo. 

Toner (J. M.), M.D. On the Natural History and Distribution of 

~ Yellow Fever in the United States from 1668 to 1874. Wash- 
ington, 1874. 8vo. 

Dictionary of Elevations and Climatic Register of the 

United States. New York, 1874. 8vo. 

‘Wittstein (Dr G. C.) and Mueller (Baron Ferd. von). The Organic 
Constituents: of Plants and Vegetable Substances, and their 
Chemical Analysis. 8vo. Melbourne, 1878.—From the Baron 

Ferd. v. Mueller. 

Wright (C. R. A.). Metals and their chief Industrial see 

Lond. 1875, 12mo. 
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INDEX. 


Absorption of Light by Magnetism, 
by Professor Tait, 118. 

Acetylene, Action of Chlorides of 
Iodine upon, 588. : 

Preparation of, 590. 

Adamantine Boron, 721. 

— sts D.D., Obituary Notice 
of, 14. 

Aitken (John), Experiments illustrat- 
ing Rigidity produced by Centri- 
fugal Force, 73. 

on Ocean Circulation, 394. 

Albert (Prince), Remarks by, 31. 

Albite, 393. 

Alexander (Rev. Dr W. Lindsay) 
delivers Opening Address for Ses- 
sion 1876-77, 204. 

contributes Obituary Notices 
of Sir George Harvey, Dr J. War- 
burton Begbie, Mr David Bryce, 
Mr George Stirling Home Drum- 
mond, Mr Alexander Russel, Pro- 
fessor Laycock, George Marquis of 
Tweeddale, M. Adolphe Pictet, M. 
A. T. Brongniart, and M. C. G. 
Ehrenberg, 205-231. 

Ammonia-Cupric Zinc Chloride, by 
Dr E. W. Prevost, 302. 

Amphicheiral Forms and their Rela- 
tions, 391. 

Annelids, Great Nerve Cords in 
Marine, by W. C. M‘Intosh, M.D., 


372. 
An unnamed Paleozoic Anne- 
lid, by Professor Duns, 352. 
Arch.—On a Stable and Flexible Arch, 


by Professor Fleeming Jenkin, 151. | 


Arrangements, On a Problem of, by 
Professor Cayley, 388, 402. 

. Professor Tait’s Problem of, 
by Mr T. Muir and Professor Cayley, 
382, 388, 402. 


Asia, Physical Observations in Nor- 
— by Professor George Forbes, 
61. 

Atmosphere.—On the Percentages of 
the Atmosphere and the Ocean, 
which would flow into a Rent on 
the Earth’s Surface, by Professor 
Tait, 333. 

Atmospheric Phenomena, by Profes- 
sor Tait, 170, 425. 

Augite, by Professor Heddle, 595. 

AuriferousQuartz of Wanlockhead,579. 


— (Lord), his New Atlantis, 474, 

475. 

— his Influence in promoting 
Experimental Philosophy, by Sir 
Alex. Grant, 484, 485. : 

Appreciation of his Literary 
and Scientific Writings, by Sir 
Alex. Grant, 485. 

Balance.—On a NewF orm of Precision 
Balance, by William Dittmar, 144. 

Balfour (Professor) contributes Obitu- 
ary Notice of the Rev. D. T. K. 
Drummond, 518; also, Obituary 
Notice of William Keddie, 518. 

Ballistic Curves, Tables of, and their 
application to Gunnery, by E. Lang, 
637. 

Barometer, its Diurnal Oscillations, 
by Alex. Buchan, M.A., 410. 

Why the Barometer does not 
always indicate real Vertical Pres- 
sure, by R. Tennent, 412. 

Barometric Depressions (or Storms), 
Progressive Movement of, by Mr 
Robert Tennent, 570. 

Beats of Imperfect Harmonies, by Sir 
William Thomson, 602. 
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Beknottedness. See Knots. 

Bennett (Professor John Hughes), 
Obituary Notice of, 15. 

Bifilar Magnetometer, 402. 

Biliary Secretion, The, with refer- 
ence to the Action of Cholagogues, 
by Professor Rutherford and M. 
Vignal, 334, 718. 

Binocular Vision of Colour, 654. 

Blackie (Professor) on the Origin of 
Language, 98. 


lation from the English? 151. 

——on Gladstone’s Theory of 
Colour-Sense in Homer, 5338. 

Blaikie (J. Adrian), Action of Heat on 
some Salts of Trimethyl-Sulphine, 
565, 712. 

Blair (Dr), his “Scientific Aphorisms” 
in connection with the Ulftra- 
Mundane. particles of Le Sage, 415. 

Blyth (James) substitutes Copper- 
Plate, Wood, India-rubber, &c., 
for the Iron Disc of Telephone, 


535. 

, his experiments with the 
Telephone, 553. . 

An Account of some Experi- 
ments on the Telephone and Micro- 
phone, 711. 

Boron, Adamantine, 721. 

Boulder Committee, Third Report of, 
by D. Milne Home, Esq., 170. 

Fourth Report of, by D. Milne 
Home, Esq., 660. | 

Bow (R. H.) on the Splitting up of 
Electric Currents and the founding 
thereon of a Sounder to call atten- 
tion from one Telephone to another, 
707. 

Brongniart (Adolphe Theodore), Obit- 
uary Notice of, 229. 

Broun (J. A.) on the Decennial Period 
in Diurnal Oscillation of Magnetic 
Needles, and of the Sun Spot Area, 
156. 

-~—— on the Bifilar Magnetometer, 


Brown (Professor Crum) awarded 
the Keith Prize for the biennial 
period 1873-75, for “‘ Researches on 
the Sense of Rotation and on the 
Semi-Circular Canals of the Inter- 
nal Ear,” 158, 231. 

on the Action of Sulphuretted 
Hydrogen on the Hydrate and 
Carbonate of Trimethyl-Sulphine, 


Is the Gaelic Ossian a Trans- 


Index. 


Brown (Professor Crum) on the Action 
of Heat on some Salts of Trimethyl- 
Sulphine, 565. 

on the Action of Heat on some 

Salts of Trimethyl-Sulphine, 712. 

his Apparatus for producing 

Vowel Sounds, 728. 

on Certain Effects of Periodic 
Variation of Intensity of a Musical 
Note, 736. 

Bryce (David), Obituary Notice of, 216. 

Bryce (Dr James), Obituary Notice of, 
+ Fe son, Professor Bryce, Oxford, 

Bryce (Professor) contributes Obitu- 
ary Notice of his Father, Dr James 

.. Bryce, 514. 

Buchan (Alexander), M.A., on the 
Annual Periods of Thunder (with 
Lightning), Lightning (only), Hail 
and Snow, at Oxford, 135. ; 

on a Peculiarity of the Diurnal 

Hygrometric Curve at Geneva, 304. 

Presentation of the Makdou- | 

gall-Brisbane Prize to, 319, 486. 

on the Diurnal Oscillations of 

the Barometcr, 410. 

— Report of the Deputation to 

Upsala, 521. 

Note on a White Sunbovw, 546. 

Buchanan (J. Y.) on the Specific 
Gravity of Ocean Water, 283. 

on the Manganese Nodules 

found on the Bed of the Ocean, 287. 

on the Air. Dissolved in Sea- 

Water, 412. | 

Burton (Captain), Volcanic Eruptions 
of Iceland in 1874 and 1875. 

Calculus of Operations, Certain For- 
mule in, by Professor Stokes, 101. 

Canon of Sines for each 2000th part 
of the Quadrant to 33 places, and 
_ to the 80th Figure, by E. Sang, 

6. 

Cayley (Professor) on a Problem of 
Arrangements, 338, 402. 

on Mr Muir’s Solution of a 
“ Problem of Arrangement,” 402. 

Centrifugal Force as producing Rigi- 
dity, 73. | 

Cetacea, On the Placentation of, by 
Professor Turner, 108. 

Charcoal, Thermo-Electric Properties 
of, 579. 

Chemical Combinations, 587. 

Cholagogues. See Biliary Secretion. 

Christison (J.), Note on a White 
Sunbow, 545. 
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Christison (Sir Robert), Note on a 
White Sunbow, 542. 
Circles,—Properties of two setsof three 
Concentric Circles, intersecting one 
another, by Professor Tait, 533. 
Clapeyron’s Formula, Note on, by Pro- 
fessor Dewar, 2838. 
Closed Plane Curves. See Curves. 
Cobalt, Note on the Thermo-Electric 
Position of, by Professor Tait, 138. 
Note on the Thermo-Electric 
_ Properties of, by Messrs Knott, 
MacGregor, and C. M. Smith, 170. 
Cocoa-Nut Oil, On the Solid Fatty 
Acids of, by G. Carr Robinson, 587. 
Cohesion.—On the connection between 
Cohesion, Elasticity, Dilatation, 
and Temperature, by Professor 
George Forbes, 141. 
of Liquids, by J. B. Hannay, 


526. 

Colour.— Method of Studying the 
Binocular Vision of Colour, by 
Professor M‘Kendrick, 654. 

in Practical Astronomy, by 
Professor Piazzi Smyth, 721. 

Columnar Vortices, Vibrations of a 
Triad of, by Sir William Thomson, 
660. 

Combinations (Chemical), 587. 

Conductivity of Stretched Silver 
Wires, by J.G. MacGregor, M.A., 79. 

Conifere, On the Defoliation of the, 
by Dr Stark, 85. 

Constant (Cyclic) of a Vortex, p. 70. 

Continued Fractions, Transformation 
of Infinite Series into, by Thomas 
Muir, M.A., 117. | 

Cook (J.) on an Improved Form of 
Galvanic Battery, 148. | 

Corals, On New Forms of Paleozoic 
by Professor Alleyne Nicholson 
and James Thomson, 149. — 

Core, or Vortex Core, by Sir W. 

‘Thomson, 69. 

Coventry. (Andrew), Obituary Notice 
of, by Sir Alex. Grant, 506. . 

Crawford (Dr Thomas Jackson), Obit- 
uary Notice of, 17. 

— Note on Circular, by E. W. 

allas, 129. | 

Curves. — Applications of Theorem 
that Two Closed Plane Curves 
intersect an even number of times, 
by Professor Tait, 237. 

On the Curves produced by Re- 

. flection from a Polished Revolving 

Wire, by Edwar! Sang, 802. 
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Curves.—Tables of Ballistic Curves 
applied to Gunnery, by E. Sang, 637. 
On a Peculiarity of the Diur- 
nal Hygrometric Curves at Geneva, 
by Alexander Buchan, 804. 
Cyclic Constant of a Vortex, 69. 


Dallas (E. W.), Note on Circular 
Crystals, 129. 

Danube, Works for the Improvement 
of the, designed by Sir Charles A, 
Hartley, by David Stevenson, 142. 

De Candolle (Alphonse) elected an 
Honorary Fellow, 287. 

De la Rive (M.) on Sounds emitted 
by Induction Coils, 627, 628. 

Determinants.—On Determinant Ex- 
pressions for the Sum of a Harmoni- 
cal Progression, by T. Muir, 361. 

On a Class of Determinants, 
by J. D. H. Dickson, 714. 

Dewar (Professor) on Clapeyron’s 
Formula, 2838. | 

Diamagnetic Rotation, by Prof. 
George Forbes, M.A., 85. 

Dickson (J. D. Hamilton) on the 
Least Roots of Equations, 398. 

on a Classof Determinants,714. 

Differential Equation of Second Order. 
See Equation. 

Digester—On a Glass Digester in 
which to heat Substances under 
Pressure, by Dr E. A. Letts, 139. 

Dilatation.—On the Connection be- 
tween Cohesion, Elasticity, Dilata- 
tion, and Temperature, by Professor 
George Forbes, 141. 

Disruptive Discharge of Electricity, 
‘by Alex. Macfarlane, M.A., and P. 
M. Playfair, M.A., 568, 721. 

Dittmar (William) on New Forms of 
Precision Balance and Gas governor, 


Can the Law of Multiple 
Proportions be demonstrated from 
Analytical Data ? 5386. 

Diurnal Oscillations of the Barometer, 

’ Part II., by Alex. Buchan, M.A., 
410, 

Donations to the Library, 789-765. 

Dove (Heinrich Wilh.) elected an 
Honorary Fellow, 48. 

Drummond (Rev. David Thomas Ker), 
Obituary Notice of, by Professor 
Balfour, 518. | 

Drummond (George Stirling — 
Obituary Notice of, by Dr W. 
Alexander, 218. 
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_ Dudgeon (Patrick on a New Fossil 
Foot-print from Permian Sandstone, 


—— exhibits Specimen of Auri- 
ferous Quartz, 333. 

Dundas (Sir David), Obituary Notice 
of, by Sir Alex. Grant, 508. 

Duns (Professor) on the Ruff (Machetes 
pugnax), 272. 
on an Unnamed Paleozoic 
Annelid, 352. | 

Durham (William) on Suspension, 
Solution, and Chemical Combina- 
tions, 537. | 


Earthquake Shocks in Argyleshire in 
1877, by D. Stevenson, 403. 

Ehrenberg (Christian Gottfried), Obit- 
uary Notice of, 230. 

Eisenstein’s Continued Fraction, by 
Thomas Muir, 359. 

Elasticity. On the Connection be- 
tween Cohesion, Elasticity, Dilata- 
tion, and Temperature, by Prof. 
George Forbes, 141. 

Electric Conductivity of Bars, by 
Prof. Tait, 718. 

of Nickel, by C. Michie Smith 

and J. Gordon MacGregor, . 


J. G. MacGregor, M.A., 79. 
Electric Current, On the Passage of 
the, from Amalgamated Zinc Sul- 
Ng Solution, by J.G. MacGregor, 
Electric Currents produced by Con- 
tact of Wires, 333. 


Currents, as detected by the Tele- 
phone, 707. 
= Disruptive Discharge of, 
8. | 
Electrolytic Conduction, by Prof. 
Tait, 614. 


Electrostatic Attraction, On Some | 


Effects of Heat on, by Professor 
Tait, 302. 

Equations, Linear Differential, of 
Second Order, by Professor Tait, 
93, 118. 

— V pop=0, by Gustav Plarr, 


Least Roots of, by J. D. 
Hamilton Dickson, 393 

Ethylene, Action of Chlorides of 
Iodine upon, 588. 

Ewing (Mr J. A.), Remarks on the 
Phonograph, 579. 


of Stretched Silver Wires, by | 


On the Splitting up of Electric | 


Index. 


Ewing (Mr J. A.) on the Wave 
a of Articulate Sounds, 582 
14, 


on the Wave Sounds pro- 
duced by the Apparatus exhibited 
by Professor Crum Brown, 728, 


Faraday (Professor), Rotation of Plane 
of Polarization of Light, 85, 118 : 

Ferguson (Dr R. M.), Note on a White 
Sunbow, 548. 

on Indications of Molecular 
Action in the Telephone, 615. 

Fire-Damp, On a Method of Detecting, 
618. 

Fishes, New and Little-Known Fossil, 
from the Edinburgh District, by Dr 
R. H; Traquair, No. 1, 262; No. 2, 
275; No. 3, 394, 427. 

Footprint, On a New Fossil, from 
Permian Sandstone, by Patrick 
Dudgeon, 154. 

Forbes (Professor George) on Diag- 
magnetic Rotation, 85. 

on the Connection between 

Cohesion, Elasticity, Dilatation, and 


Temperature, 141. 
Physical Observations in 
Northern Asia, 161. 


on the Theory of the Tele- 

phone, 555. 

Preliminary Note on a Method 
of Detecting Fire-Damp in Coal 
Mines, 613. 

Fossil Fishes. See Fishes. 

Fractions.—Transformation of Infinite 

Series into Continued Fractions, by 

Thomas Muir, M.A., 117. | 

Tabulation of all Fractions 
whose Values are between two pre- 
scribed limits, by E. Sang, 536. 

French Horn, Mouthpiece for Produc- 
ing Chords from, 586. 

Fungus Disease affecting Salmon, by 
A. B, Stirling, 726. 


Galvanic Battery, On an Improved 
Form of, by J. Cook, 148. 

Garnets, by Professor Heddle, 550. 

— Thermal Conductivity of, 
383. 

Gases, Vortex Theory of, Condensa- 
tion of Gases on Solids, and Con-. 
tinuity between the Gaseous and 
Liquid State of Matter, by Sir 
William Thomson, 144. 

Gas-governor, On a New Form of, by 
William Dittmar, 147. 
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Gegenbaur ‘Professor Carl) elected an 
Honorary Fellow, 287. 

Geikie (Professor) exhibits Map show- 
ing Progress of Geological Survey 
of Scotland, 367. 

on Saline Water from Vol- 
canic Rocks of Linlithgow, 867. 

Geological Survey of Scotland, 367. | 

Gibson (Dr J.) on a New Method for 
the Separation of Yttrium and Er- 
bium from Cerium, Lanthanum, and 

Didymium, 7384. 

Gladstone (Mr), Remarks by, 40. 

his Theory of Colour-Sense in 
Homer, 533. 

Glass Digester. See Digester. 

Glass, Refractive Index of, 567. 

Gordon (James) writes Latin Ad- 
dress Presented by the Society’s 
Deputation to the University of 
Upsala, 521, 526. 

Gordon (Lewis D. B.), Obituary 
Notice of, 212. 

Gott (M.) converts two Siphon Re- 
= into a Telegraphic System, 
570. 

Government Fund of £4000, 275. 

Grant (Sir Alexander), V.P., contri- 
butes Opening Address for Session 
1877-78, 472. 

contributes Obituary Notice 

of the Hon. Lord Neaves, 503. 

contributes Obituary Notice 

of Andrew Coventry, Advocate, 506. 

contributes Obituary Notice 
of Sir David Dundas, Bart., 508. 

Graphic Methods of Determining the 
Efficiency of Machinery, by Prof. 
F, Jenkin, 381, 563. 

Graphic Method applied to the De- 
termination of the Efficiency of a 
Direct-acting Steam Engine, by 
Professor Fleeming Jenkin, 563. 

Graphitoid, The Preparation and Pro- 
perties of, by R. M. Morrison, 721. 

Grieve (G. J. P.) on the Properties of 
the Perigon Versor, 149. 

Guthrie (Colonel Seton), Notice of 
Death of, 4. 


Hail and Snow at Oxford, by Alex. 
Buchan, M.A., 135. 

Hannay (J. B.) on a Method of De- 
termining the Cohesion of Liquids, 
526. 

Handyside (Dr P. D.) on the Ana- 
tomy of a Recent Species of Polyo- 
don, the Polyodon gladius (Martens), 
660. 

VOL, IX. 


— Progression, Sum of a, 

61. 

Harmonies (Imperfect), by Sir Wm. 
Thomson, 602. | 
Hartley (Sir Charles A.), Works for 

-y Improvement of the Danube, 

Harvey (Sir George), Obituary Notice 
of, 205. 

Hawaiian Islands, Volcanoes of, by J. 
W. Nichol, 113. 

Heat.—On the Effect of Heat on In- 
fusible Palpable Powders, by Pro- 
fessor Tait, 298. 

On some Effects of Heat on 

Electrostatic Attraction, by Profes- 

sor Tait, 302. 

On an Effect of Heat in Elec- 

trostatic Action, by Prof. Tait, 415. 

- On the Action of Heat on Some 
Salts of Trimethyl-Sulphine, by 
Professor Crum Brown and J. 
Adrian Blaikie, 565, 712. 

Heddle y The Mineralogy 
of Scotland, Chap. I., Rhombohedral 
Carbonates, 144; Chap. II., Ortho- 
clase, Albite, &c., 393; Chap. III., 
The Garnets, 550; Chap. IV., 
Augite, Hornblende, and Serpen- 
tinous Change, 595. | 

Helmholtz (H.), His Simple Circular 
Ring, 68. 

Holopus, The Structure and Relations 

of the genus Holopus, by Sir C. 
Wyville Thomson, 405. 

Home (David Milne) delivers Opening 
Address for Session 1875-76, 2. 

— on the Parallel Roads of 

Lochaber, 159. | 

Third Report of the Society's 

Boulder Committee, 170. 

Fourth Report of Boulder 

Committee, 660. 

Remarks by, on Presenting 
the Boulder Committee’s Fourth 
Report, 692. | 

Homer, Colour-Sense in, 583. 

Horn. See French Horn. 

Hornblende, by Professor Heddle, 595. 


Iceland, Volcanic Eruptions of, in 
1874 and 1875, by Captain Burton, 
44. 

Identity —Note on an Identity, by 
Prof. Tait, 416. 

Infinitude of Operations, by T. Muiry 
359. 

Infusible Palpable Powders. 


See 
Powders. 
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Integrals.—On Some Definite In- 
tegrals, by Professor Tait, 594. 

Integrability, Vector Conditions of, 
by Professor Tait, 527. 

Integrating by Mechanism the General 
Linear Differential Equation of 
Second Order, by Prof. Tait, 118. 

Integrator, Prof. James Thomson’s,138. 

Iodine, Action of Chlorides of, upon 
Acetylene and Ethylene, 588. 

Isomorphous Salts, The Crystallisa- 
tion of, 7382. | 

Isothermal Surfaces, by Prof.Tait, 170. 


Jardine (Sir William), Obituary No- 
tice of, 20. 

Jenkin (Professor Fleeming) on a 
Stable and Flexible Arch, 151. 
on Graphic Methods of deter- 
mining Efficiency of Machinery,881. 
Application of the Graphic 
Method to the determination of the 
Efficiency of a Direct-Acting Steam- 
Engine, 563. 
Considers M. Gott’s and Pro- 
fessor Bell’s Explanation of the 
Action of Telephone to be not 
‘Erroneous, 570. 

Remarks on the Phonograph, 
579. 


on the Wave Forms of Articu- 
late Sounds, 582, 714. 

on the Wave Forms of the 
Vowel Sounds produced by Pro- 
fessor Crum Brown’s Apparatus, 723. 


Keddie (William), Obituary Notice 
. of, by Professor Balfour, 520. 


Kelland contributes Obit- | 


uary 
§12. 
Kekule (August) elected an Honorary 
Fellow, 48 | 
Kidney, On some Physical Experi- 
ments relating to the Function of 
the, by DavidNewman,Glasgow,648. 
Knots. Theorem of Intersection of 
Two Plane Curves, by Prof. Tait, 237. 
On the Measure of Beknot- 
tedness, by Professor Tait, 289. 
On Links, by Prof. Tait, 321. 
Professor Tait’s Problem of 
Arrangement, 382. 
On Amphicheiral Forms and 
their Relations, by Prof. Tait, 391. 
On a New Method of Investi- 
gating the Properties of, 403. 
Additional Remarks on, 405. 


otice of W. H. Fox Talbot, 


Index. 


Knott (C. G.) on the Thermo-Electric 
Properties of Cobalt, &c., 170, 421. — 

on the Thermo-Electric Pro- 

perties of Charcoal, 579. 7 

on Thermal Conductivity of 

Gas Coke, 3388. | 

on Currents produced by Con- 

’ tact of Wires, 333. 

Kolbe (Herman) elected an Honorary 
Fellow, 48. 

Kummer (Ernst Eduard) elected an 
Honorary Fellow, 43. 


— Notes, by Professor Tait, 

Language, On the Origin of, by Pro- 
fessor Blackie, 98. 

Latin Address presented by the So- 
ciety’s Deputation to the Univer- 
sity of Upsala, 526. 

Laycock (Professor Thomas), Obit- 
uary Notice of, 223. 

Leopold (Prince), Remarks by, 30. 

Le Sage, Ultra-Mundane Particles of, 
415. 

Letts (Dr E. A.) on a Glass Digester 
in which to heat Substances under 
Pressure, 139. 

Leucoline Series, New Bases of, by 
G. Carr Robinson, 732. 

Le Verrier (Urbain Jean Joseph), 
Obituary Notice of, 489. 
Lightning, Hail, and Snow at Oxford, 

by Alex. Buchan, M.A., 135. 

Lindsay (Dr Lauder) on the Auri- 
ferous Quartz of Wanlockhead, 579. 

Linear Differential Equation of 
Second Order, by Professor Tait, 
93, 118. 

Links, by Professor Tait, 321. 

Linlithgow, Saline Water from Vol- 
canic Rocks of, 367. 

Liouville (Joseph) elected an Honorary 
‘Fellow, 43. 

Liquid.—On Two-Dimensional Ap- 
proximately Circular Motion of a 
by Sir William Thomson, 


Liquids, Method of Determining the 
Cohesion of, by J. B. Hannay, 526. 

Lochaber, On the Parallel Roads of, 
by David Milne Home, LL.D., 159. 

Logan (Sir William Edmund), Obitu- 
ary Notice of, 9. 

ae (Thomas), Obituary Notice of, 


(sir Charles), Obituary Notice 
of, 6. 
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‘Macdonald (Professor William), Obit- 
-uary Notice of, 22. 

Macfarlane (Alex.), Potentials required 
— of a Holtz Machine, 170, 

on Thermal Conductivity of 

Gas-Coke, 338. 

on Currents produced by Con- 

tact of Wires, 333. 

on the Disruptive Discharge 

of Electricity, 563. 721. 

—— on the Discharge of Electricity 
through Turpentine, 579. 

M‘Gowan (George), Action of Chlo- 
rides of lodine upon Acetylene and 
Ethylene, 588. 

MacGregor (J. Gordon) on the Electric 
Conductivity of Nickel, 120. | 

on the Thermo-Electric Pro- 

perties of Cobalt, &c., 170, 421. 


Current from Amalgamated Zinc 

Sulphate Solution, 170. 

on the Thermo-Electric Pro- 
perties of Charcoal, 579. 3 

pugnax, by Professor Duns, 

72, 

Machinery, Graphic Methods of Deter- 
mination of Efficiency of, by Prof. 
F. Jenkin, 381. 

M‘Intosh (Dr W. C.) on the Structure 
the Body-Wall in the Spionida, 
128. 


on Arrangement of Great 
Nerve Cords in the Marine Anne- 
lids, 372. | 

M‘ Kendrick (Professor), Some Experi- 
ments with the Telephone, 558. 

On a Method of Studying the 
Binocular Vision of Colour, 654. 

Mackenzie (Donald, Lord), Obituary 
Notice of, 23. 

Madeira, On Dredging in, by Rev. R. 
B. Watson, 1538. 

Madvig (Professor J. N.) elected an 
Honorary Fellow, 536. | 
Magnetic Needle, On Decennial 

Period in Oscillation and Disturb- 
ance of, by J. A. Broun, 155. 
Magnetism.—On a Possible Influence 
of Magnetism on the Absorption of 
Light, by Professor Tait, 118. | 
Magnetometer (Bifilar), 402. 
Makdougall-Brisbane Prize presented 
to Alex. Buchan, M.A., 319. 
Marsden (R. Sydney) on Pure 
Graphitoid and Adamantine Boron, 
721. 


on the Passage of the Electric |. 
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Masson (Prof.) contributes Obituary 
Notice of John Lothrop Motley, 508. 

Max Miller (Professor) on Origin of 
Language, 98. 

Microphone.—An account of some Ex- 
periments on the Telephone and 
Microphone, by James Blyth, M.A., 
711. 


Note on a Variation of the, by 
R. M. Morrison, D.Sc., 712. 

Mineralogy of Scotland, by Professor 
Heddle—Chap. I., Rhombohedral 
Carbonates, 144; Chap. II., Ortho- 
clase, Oligoclase, &c., 398; Chap. 
IIL., the Garnets, 550; Chap. IV., 
Augite, Hornblende, and Serpen- 
tinous Change, 595. 


Molecular Action in the Telephone, | 


by Dr R. M. Ferguson, 615. 

Monamines.—On a new General 
Method of Preparing the Primary 
Monamines, by R. Milner Morrison, 
D.S8ce., 721. 


Monodon Monoceros, On the Placen- 


tation of, by Professor Turner, 103. 

Morrison (Dr R. M.), Note on a Vari- 
ation of the Microphone, 712. 

on a new General Method of 


Preparing the Primary Monamines, 


721, 
- on Pure Graphitoid and Ada- 
mantine Boron, 721. 

Motion.—Extended definition of 
Steady ” Motion, 59. 

On Two-Dimensional Approxi- 
mately Circular Motion of a Liquid, 
by Sir William Thomson, 98. 

Motions, On Parallel, by Rev. John 
Wilson, M.A., 161. 

Motivity, On Thermo-Dynamic, by Sir 
William Thomson, 144. 

Motley (John Lothrop) elected an 
Honorary Fellow, 43. 

Obituary Notice of, by Profes- 
sor Masson, 508. 

Muir (Thomas), Transformation of 
Infinite Series into Continued 
Fractions, 117. 

on LEisenstein’s Continued 

Fraction, 359. 

on an Infinitude of Opera- 

tions, 359. 

on Determinant Expressions 

for Sum of a Harmonical Progres- 

sion, 861. 

on Professor Tait’s Problem 
of Arrangement, 382, 402. 

Multiple Proportions, 536. 
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Murray (John) on the Distribution of 
| Volcanic Debris over the Floor of 
the Ocean, 247. 
Musical Note, Periodic Variation of 
Intensity of, 786. 


Neaves (The Hon. Lord), Obituary 
a ag of, by Sir Alexander Grant, 
Neill Prize for the triennial period 
a 7 awarded to Dr Traquair, 
Nerve Cords in Marine Annelids, 372. 
Newman (David) on some Physical 
Experiments relating to the Func- 
_ tion of the Kidney, 648. 
Nichol (J. W.) on the Volcanoes of 
the Hawaiian Islands, 110. 
Nicholson (Professor Alleyne) on 
Forms of Paleozoic Corals, 
Nickel, The Electric Conductivity of, 
by C. Michie Smith and J. Gordon 
MacGregor, 120. | 
Note.—Periodic Variation of Intensity 
of Musical Note, 736. 


Obituary Notices :— 
Aitken (David), D.D., 14. 
Auld (John), 4. 


— (Dr James Warburton), 
9. 


— (Professor John Hughes), 
Brongniart (Adolphe Theodore), 
9 


Bryce (David), Architect, 216. 
Bryce (Dr James), 514. 


(Andrew), Advocate, 


— (Dr Thomas Jackson), 

Drummond (Rev. David Thomas 
Ker), 518. 

Drummond (George Stirling 
Home), 218. 

— (Sir David), of Dunira, 

Ehrenberg (Christian Gottfried), 
280. 

Gordon (Lewis D. B.), 212. 

Harvey (Sir George), 205. 

Jardine (Sir William), 20. 

Keddie (William), 520. 

(Professor Thomas), 


Le Verrier (Urbain Jean Joseph, 
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Obituary Notices—continued— 

Logan (Sir Wm. Drummond), 9. 

Login (Thomas), 205. 

Lyell (Sir Charles), 6. 

Macdonald (Professor William), 
22. 

Mackenzie (Donald, Lord), 23. 

Meldrum (Edward), 4. 
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Zodiacal Light, Observations on the, 
by C. Michie Smith, 110. 


PRINTED BY NEILL AND COMPANY, EDINBURGH. 


e 
4 
+ 
1 


PROCEEDINGS 


OF THE 


ROYAL SOCIETY OF EDINBURGH 


SESSION 1877-738. 


CONTENTS. 


Monday, 26th November 1877. 
Election of Office-Bearers, . 


Monday, 3d 1877. 

Opening Address by the Vice-President, ee Sir ALEx- 

ANDER GRANT, Bart., ; 

Obituary Address by Professor Prazzt 

Report of the Deputation to Upsala. By ALEXANDER 
Bucuan, M.A., 

On a Method of Determining the Cohesion of Liquids. By 
J. B. Hannay, F.C.S., 

Note on Vector Conditions of Professor 
. 


On Gladstone’s Theory of Colour-Sense in nee: By 
Professor BLAcKIE, 
Note on a Geometrical Theorem. By Professor Tart, 


Monday, 21st January 1878. 


On the Tabulation of all Fractions whose values are between 
prescribed limits. By Epwarp Sane, 
Can the Law of Multiple Proportions be demonstrated from 
Analytical Data? By W. Dirrmar, . 
On the Solid Fatty Acids of Cocoa-N ut Oil. By G G. Carr 


Suspension, Solution, and Chemica Combinations. By 


Note on the Surface of a Body i in terms of a Volume- 
Integral. By Professor Tart, . 

On a White Sunbow. By Sir Rosert CuRIstisoy, ‘Bart,, 

Extract of Letter to the President from H. E. RosEvELr, 
_ Esq., dated New York, Dec. 23, 1877, 


Monday, 4th February 1878. 


Chapters on the Mineralogy of Scotland. Chapter III. The | 


Garnets. By Professor HEDDLE, 
On the Strength of the Currents _—— to Work a Tele- 
phone. By Professor Tarr. 


dol 


[Turn over. 


| 
PAGE 
47) 

472 

489 

026 

O30 

o42 


ll 


Experiments with the Telephone. By James BLytu. 
Communicated by Professor Tait,  . 

On the Theory of theTelephone. By Professor GEORGE Fores, 

Some Experiments with the Telephone. | nebies JOHN G. 
M‘Kenprick, M.D., 


Bonin Y; 18th February 1878. 


The Application of the Graphic Method to the Determination 
of the Efficiency of a direct-acting Steam- Engine. By 
Professor FLEEMING JENKIN, .- 

On the Disruptive Discharge of Electricity. "By ALEXANDER 


Macrar.ang, M.A., B.Se. Communicated by Professor 


TAP. 4: 
On the Compressibility of Water, Sea- Water, a four j per cent. 


Chloride of Sodium Solution, Mercury, and Glass. By | 


J. Y. Bucuanan, M.A., ERS.E, 
On the Action of Heat on some Salts of Trimethy]-Sulphine. 
By Professor Crum Brown and J. Aprian 
Extracts from two Letters by Professor QuINCKE on the 
Refractive Indexes of Glass and Quartz, as tested by 
Reflection’ from the Surface. Communicated by Sir 
THomson, | 


Monday, 4th Mareh 187 8. 


Proposed Theory of the Progressive Movement of Barometric 

| Depressions or Storms; being in continuation of the 
Paper read before the Society on July 5, 1875. By 
Mr Rosert TENNENT, . 

On the Thermo-electric Properties of Charcoal and certain 
Alloys, with a supplementary Thermo-electric Diagram. 
By C. G. Kwnort, B.Se., and J. G. MacGregor, D.Se. 
by Professor Talt, 

On the Auriferous Quartz of By Dr Lauper 
Lanpsay, 

On the Discharge of Electricity through Turpentine. By 
A. MACFARLANE, B.Se., and Mr R. J. S. Simpson. 
Communicated by Professor Tart, 

Remarks on the Phonograph. By Professor FLEEMING 
JENKIN and J. A. Ewine, B.Sc, 


Monday, 18th March 1878. 


On Thermal Conductivity. By Professor Tait, . 

On the Wave Forms of Articulate Sounds. By Professor 
FLEEMING JENKIN and J. A. Ewine, B.Sc, 

(On the Action of the Chlorides of Iodine upon Acetyleng 
and Ethylene. By Grorcz M‘Goway, 

On some Definite Integrals. By Professor Tarn, 


Monday, 1st April 1878. 


Chapters on the Mineralogy of Scotland. Chapter IV. 
Augite, Hornblende, and Serpentinous Change. By 


Professor HEDDLE, 


For continuation of Contents, see pp. 3 and 4 of Cover. 


PAGE 


808 


563 


563 


565 


565 


567 


595 


= 

570 

579 

579 

579 

579 

581 

582 

588 

594 


lil 


On the Old Red Sandstone of Western Europe. By Professor 
GEIKIE, F.R.S., 


On LDeats of Imperfect Harmonies, By Sir | 


THomson, 


y, 15th April 1878, 
On Vortex Vibrations, and on Instability of Vortex Motions. 
By Sir Witu1am THomson, 
Qn the Theory of Vowel Sounds. By Professor M‘Key- 
DRICK, 
Preliminary Note on a Method of Detectinig Fire Damp 4 in 
Coal Mines. By Professor Forbes, . 
Note on Electrolytic Conduction. By Professor Tart, 
Note on Thermal Conduction. By Professor Tart, 


Monduy, 6th May 1878. 
On the Indications of Molecular Action in the —, 
By R. M. Fereuson, Ph.D., 


Sketch of the Arrangement of T whlee of Ballistic Curves i in 
_ a Medium resisting as the Square of the Velocity, and 
of the Application of these fables to Gunnery. By 
EDWARD SANG, 
On some Physical Experiments yoleting to the Function of 
the Kidney. By Davin Newman, Glasgow. Commu- 
nicated by Professor M ‘KENDRICK, 


Note of a Method of Studying the Binocular Vision of 
Colour. By Joun G. M‘Kenprick, M.D., 


Monday, 20th May 1878. 
On the Chine Rhizodus. By Dr R. H. Traquair, 


‘On the Anatomy of a recent Species of Polyodon, the Polyo- 
don gladius (Martens), taken from the river Yang- 
tsze-Kiang, 450 miles above Woosung. Part IIL, 
being its Viscera of Organic Life. By P. D. Hanpy- 
SIDE, M.D., . 


A Mechanical of the of a Triad of 


Columnar Vortices. By Sir Witt1am THomson, 

Fourth Report of Boulder Committee, with Remarks. By 
D. Mitne Home, LL.D., 

Remarks by Davin MILne Hows, LL.D., Convener of the 
Society’s Boulder Committee, on presenting the Com- 
mittee’s Fourth Report at a Meeting of the st 
20th May 1878, 

Monday, 3d 1878. | 

On the Splitting up of Electric Currents, as detected by the 
Telephone, and the founding thereon of a Sounder to 
call attention from one Telephone to another. sd R. H. 
Bow, C.E., 

An Account of some on the and 
Microphone. by James Buytu, M. A., 


PAGE 


596 
602 


613 


613 


614 


615 


637 


| 
| 
= 
= 
648 
654 
657 2 
660 
660 
692 
| 711 


1V 


Note on a Variation of the — By R. M. 
Morrison, D.Sc., 


On the Action of Heat on some Salts of Trimethyl-Salphine. 
Part II. By Professor Crum: Brown and J. ADRIAN 
Bualki£, B.Sc., 

On a Class of Determinants. By, Mr J. D. H. Dickson, 
Tutor of St Peter’s College, Cambridge, 

On the Wave-Forms of Articulate Sounds. By Professor 
FLEEMING JENKIN, F.R.S., and J. A. Ewrne, B.Sc., 


On the Electric Conductivity of the Bars employed in his 


Measurements of Thermal Professor 
Tart, 


Monday, 17th June 1878. 


On the Biliary Secretion, with reference to the Action of 
Cholagogues. Part II. By Professor RUTHERFORD, 
-ERSS. L. and E, and M. Vienat, 

On a New General Method of Preparing the Primary Mona- 
mines. By R. Mitner Morrison, D.Sc., 


On the Preparation and Properties of Pure Graphitoid and 
Adamantine Boron. By R. M. Morrison, D.Sc, and 
R. Sypney Marspen, B.Sc., 


On Colour in Practical Astronomy, spectrossopically exa- 
mined. By Professor P1azzi SMYTH, . 


Monday, lst July 1878. 


On the Disruptive Discharge of Electricity. By ALEXANDER 


MacFaRLANE, D.Sc., and P. M. Puayrarr, M.A., 

On the Wave Forms of the Vowel Sounds produced by the 
Apparatus exhibited by Professor Crum Brown. By 
Professor JENKIN, F. RS, and J. A. Ewina, 
B.8e., ‘ 

Notes on the Fungus sffeiting By A. B. 
STIRLING, Assistant Conservator of the Anatomical 
Museum in the University of a Communi- 
cated by Professor TURNER, 


On some New Bases of the Leucoline Serien Part I, By 
G. Carr Rosinson, 


On the Crystallisation of Tsomorphous Salts By G. Carr 


RoBINSON, 


On a New Method for the of Yttrium aid 
from Cerium, Lanthanum, and Didymium. Part L 
By J. Grsson, Ph.D., and R. M. Morrison, D.Sc., 

On certain Effects of Periodic Variation of Intensity of a 
Musical Note. By Professor Crum Brown and Pro- 
fessor 


Note on a Mode of Producing Sounds of very great Tot. 
sity. By Professor Tart, 


PAGE 


712 


723 


| 
712 
714 
718 
718 
721 
721 
721 
721 
‘726 
732 
732 
| 734 
| 736 
737 


